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THE ABSORPTIOX AXD EXCRETION OF ALLANTOIN IN MAMAIALS 


E. GORDON YOUNG, HELEN P. WENTWORTH akd W. W. HAWKINS 
From The Department oj Btochemislry, Dalhottsie Unicenity, Halifax, Canada 
Reccivctl for publication November 29, 19^13 

Allantoiii is excreted by most mammals os the final product of purine cataho* 
lism. Man excretes uric acid and is a notable exception. Small amounts of 
allantoin are found however in human mine of the order of about 10-50 niRms. 
per diem OYiechowski, 1909, 2; Larson, 1931-32; Fosse, Brunei and Thomas, 
1931 ; Paget and Berger, 193S). Ackroyd (1911) has sati.sfactorily explained this 
as originating from pieformed allantoin in the food. Many studies have been 
made in the past in an etTort to determine the fate of allantoin administered 
orally or subcutaneously. Tliese arc recorded and discussed later. They were 
done at a time when the metabolic relationship of uric acid and allantoin was 
being determined. 

Due however to the lack of an adequate method of c.stimating allantoin in 
blood no studies have l>een made on the rate of absorption and e.xcretion of 
allantoin. Over the past few years we have developed in this lahoratorj' suitable 
techniques for this purpo«e, (\'oung and Conway, 1942; Young ct al., 194-1). 

As a result of observations published during the last few years there are indi- 
cations that in man allantoin may cause a specific pljy.siological effect and serve 
as a chemo-theiapeutic agent. MacaHstcr (1936) has claimed it to bo a very 
effective cell proliferant and Icvjcocytie stimulant. Robinson (1935) attributed 
the therapeutic action of maggots to the allantoin whicli they produce and 
Gi*cenbaum (1940) noted a stimulating effect on leucocyte counts in rabbits. 
The possible rolation:<hip between these two observations occurred to us. 

These considerations led us to a moic elaborate study of the rate of absoiplion 
aud cNCvetion. of allantoin adTOinl&tcrcd orally, s^ubeutanconsly and intravenously 
to men, dogs and rabbit.s. These experiments were designed to facilitate an 
investigation of the leucocytic action of allantoin (^’oung and Hawkins, 1944, 2). 

Experimental, The daily variation in concentration of allantoin in the 
blood of the dog was first determined.for two animals fed Purina dog chow daily 
at 4.30 p.m. The visual colorimetric method of estimation was employed using 
5 ml. of blood (Young cl nh, 1944). The results are recoi ded in table 1. They 
show a fluctuation between 1,2 and 2.3 mgms, pei 100 ml. in both animals. 

AUanloin administration to dogs. With sodium, amytal as anaesthetic dog A 
was catheterized and 100 ml. of 0.6% allantoin in sterile Ringer’s solution were 
injected intravenously. The rates of disappearance from the blood and excretion 
in the urine are shown graphical^’ in figure 1. The blood allantoin reached a 
concentration of 9.5 mgms. 10 minutes after injection, then fell to 2.4 mgm. at 
50 minutes and thereafter very slonly for about 5 hours. The concentration of 
allantoin in the urine rose sharply during the first hour, then fell rapidly for two 
hours and reached the fa-^ting level in about five hours. If the base line fur the 
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TABLE 1 

AUantoin in dog blood 


DATE 

TIME 

ALLAKTOIN C( 

Dos A 

3SCENTRATTON 

DogB 



pjgm. 

mgm. 

Dec. 3 

11.30 a.m. 

1.2 

2.1 

Dec. 10 

11.30 a.m. 

1.7 

1.7 

Dec. 12 

11.30 a.m. 

1.4 

1.9 


4.30 p.m. 

1.3 


Dec. 16 

11.30 a.m. 

2.3 

1.8 


4.30 p.m. 

2.0 

1.6 

Dec. 17 

11.30 a.m. 

1.7 

1.9 


4.30 p.m. 

1.8 

2.2 

Dec. 18 

11.30 a.m. 

1.4 

1.9 


4.30 p.m. 

2.3 

2.3 

Dec. 19 

11.30 a.m. 

1.4 

1.2 

Average 

1.7 

1.9 



10 

3 

& 

7 

6 

5 

4- 

2 

1 

<0 


I, 
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Fig. 1. Rate of Exchetio.v or Alliatoin AfTEH Inthailnols Injection- of COO Mom. 


e.xcretion of allantoin be taken at 20 mgm. per hour the recoven' of added allan- 
toin Nvould be 98% in this experiment. As the urinarj- concentration is de- 
pendent upon available fluid a calculation of the allantoin output per hour was 
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considered a bettci ciitenon of exciction Ihis was high for the first three houit, 
and fell to normal in 1 to 5 hours \ dose of 000 mgm of nllantom is appio\i 
match cqin\ aicnt to the 24 houi output of this mimal, n Inch as thus disposed 
of in about fi\c hours 

The base line m this and other c\pciimcnts was deteirained h\ keeping the 
animal in a metabolism cage under routine contiol and collecting the unne m 
periods of 12 hour'^ for scicral dajs This iiermitted the calculation of houih 
output for the cNpcnmental penods more accurateli During the intraienous 
administration of allantoin the hoiirlj collection of urine was continued for some 
time after complete rccovcn of nIHntoin to confirm the establishment of this 
base line 



Fic 2 Rate of Excretio\ of J\llantoin after lNTn.i\ENOus Injection of 600 Mom 

Another experiment was perfoimcd administering 300 ml of water by stomach 
tube 30 minutes prioi toguingGOOmgm of allantom ns prcMouslj Theiesults 
are presented graphicalh m fig 2 Thej confiim the previous observations 
showing somewhat more rapid elimination than m the fiibt experiment complete 
m about four hours Taking the normal rate of excretion at 30 mgm per houi 
therecoveiy %\asG74mgm oi 112 pci cent 

Using the same technique it was of inteiest to un to determine the possible i ate 
of coniersion of uric acid to allantom m those animals 100 ml of 0 194% unc 
acid as the lithium salt in sterile Ringei s solution were injected intraienoudj 
loO ml of watci weic giien by stomach tube 80 minutes prior to the injection 
The elimination of both uric acid and allantom w as follow cd as pre\ iou':l> The 
results arc charted in figs 3 and 4 The blood allantom lose to a ma\imum x alue 
m the first houi and fell to nomial in the next two while the unc acid returned 
to the normal lex el m les*! than one hour The unc acid excretion was signifi 
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cantly higher only during the first 30 minutes. The allantoin excretion was 
stimulated for about four houm. Assuming the base line of e.xcretion of allantoin 
to be 46 mgm. per hour the recoverj' was 112 mgm., equir'alent to 120 mgm. of 
uric acid or 62%. Assuming the base line for the normal e.xcretion of uric acid 
to be 2 mgm. per hour, the recor’erj' as uric acid would be 9% of the amount 
injected or a total of 7J% recovered in 3.5 hours. The amount injected was 
appro.ximately equivalent to this dog’s dailj' output. 

The fate of allantoin administered orally has also been studied with these 
animals. They were kept in metabolism cages and fed 230 gm. of Purina chow 
daily at 4 p.m. The water intake was also regulated. Creatinine estimations 
were made on the urine to determine the constancy of the 24 hour specimens. 
This showed a ma-ximum variation of ±9% for the control period. The allantoin 



Fio. 3. CoycESTBATWX OF Vnic Aao is Blood asd Urise after Istrafesous Isjec- 
TIOX OF 194 

excretion was 600 mgms. ±75 mgm. or a maximum variation of ±12%. Allan- 
toin was given in capsules with the food at dosages of about 400 mgm. In the 
first three experiments the recoveries were 79, 92 and 07% within 24 hours as 
shovm in table 2. Blood samples taken during the absorptive period never 
.showed abnormal \-alues, fluctuating between 1.4 and 2.0 mgm. 

As Purina dog chow contains appreciable amounts of purines a synthetic diet 
of casein, given at a minimum level, lard and sucrose, supplemented with Harris 
j-east concentrate, salt mi.vture, bone ash and halibut livei- oil was gi^'on in an 
effort to obtain a more constant base line of allantoin excretion. The level fell 
from about COO to 424 mgm. but was not more constant, showing a variation of 
±75 mgm. Experiments with this diet are recorded in table 2 (experiment.? 4 
to 8) showing the recovery in 24 hours. In a few of the experiment.? listed in 
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tabic 2 there ^\ as a further <!mall rcco\ er\ m the second period of 24 hours follo\\ - 
mg the oral do«c of allantoin, uncertain numericall\ because of fluctuation m 
the base lino The urine was collected in penwis of 12 hours or les-? dunng the 



Flo 4 CoNCFNTRATIOS OF \LtANT01N IN DlOOO AND LbINE AFTER ISTRAAENOtS 

Injection or 1(H Mom oi Cnic \cid 


TABLE 2 

tflflfilom CTcrelton after oral Qdmtni$tr<>tion »n dogs 


rxfT 

' 

Auavprr ci\tH 

roKV or Ai>uiNirriATioK 1 

1 

j ICCOVTMmJtHODM 


Mpn 

P«t cent 

1 

mim 

392 

1 

Capsule ' 

203 

79 


3S0 

Capsule 

351 

02 

3 

43C 

Capsule 

303 

67 

4 ' 

571 

Capsule 

201 1 

35 

5 

500 

Solotion-^180 ml 

375 

75 

6 

517 

Capsule 1 

26o 

76 

7 

1440 

Solution— 240 ml 

826 

1 57 

8 

1500 

Solution— 250 ml 

724 

« 

Average 




66 


daj of admmi'itration In the'^e, frequenth moie allantom was recovered in 
the second 12 hour period 

It IS thus apparent that the CNtent of excretion in the dog after oral adminis 
tration is lower than after iiiti ivcnous injection and that the penod is prolonged 
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Allantoin mbninistralion to rabbits. Experiments were next performed on the 
rabbit administering by stomach tube 50 ml. containing 500 mgm. of allantoin 
in suspension. The animals were fed Purina rabbit chow as basal ration and 
the daily water intake was kept constant. The urines were diluted to 200 ml. 
and neutralized before anal 3 ’sis. No additional urinarj^ allantoin was ever found 
present. The feces were collected and extracted with water. The aqueous 
extracts were clarified with phospliotungstic acid and basic lead acetate as in the 
Lareon method for allantoin in urine (1931-32). However no allantoin was 
found to be present. 

Allantoin administration to man. Manj’ experiments have been carried out 
on men using small and large doses administered orally, subcutaneously and 
intravenously. Due to the presence of uric acid it has been necessarj^ to purify 
the urine before determining the allantoin bi^ the Young-Conwaj' technique. 
This was done by applying the first part of the Larson procedure (1931-32) to 
5 ml. of urine adding phospho-24 tungstic acid, basic lead acetate and sulfuric 
acid as prescribed. 5 ml. of this fluid were then diluted to 10 ml. or more as 
' required and neutralized carefullj’ with sodium hydroxide. The Young-Conway 
technique was then applied to 5 ml. of this material. 

Typical results are exemplified in table 3. In oral administration the allantoin 
was dissolved in water and ingested as one dose of 1 gm. or in one instance in 
four doses of 1.5 gm. each at two hourlj' intervals. The urine was collected 
every two hours or at longer intervals as indicated and until the amount of 
allantoin present had passed bej'ond the sensitivity of the method. 

For intravenous administration the allantoin was made up as 0.5% solution 
in Ringer’s solution with the aid of gentle heating not exceeding a temperature 
of 50°. The solutions were then passed through a Mandler filter and injected 
immediately, intravenouslj' or subcutaneouslj', with the usual precautions. 
Doses of 50 to 240 mgm. were used. Only three experiments were tried using 
subcutaneous injection. At the lowest dosage level the accuracy of estimation 
of recovery is considerablj* decreased due to the degree of dilution in the urine. 
Traces of allantoin were present beyond the stated intervals of collection. 

It mav' therefore be concluded that there is a marked loss or disappearance of 
allantoin after oral administration. The recoveiy may be taken as e.s.sentially 
quantitative bj"^ the intravenous route, discrepancies being accounted for by the 
excretion of traces for many hours after the injection. It would appear that 
subcutaneou.slj- the amount recovered is also quantitative although we have only 
a few experiments at low dosage levels to substantiate this conclusion. At high 
dosage levels the allantoin continues to be excreted for da 3 's after intravenous 
administration. After a dose of G gm. orall 3 ' however practically all recoverable 
allantoin had been excreted in two da 3 's. 

Discussion. Our results are essentially in accord with those published in the 
literature. The.'-e are summarized in table 4. It must be remembered that 
older methods of e.-'timation were generall 3 ’ lathcr inaccurate. No previous 
studies have been made with intravenous administration. There is general 
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agreement that oialK the icco\crj is lo\i in man and \ inable in tlic dog Onr 
results \\ith the rabbit difier sharpl> from those of StlufTcr and Greenbaum 
(1940) \\ho claim that the administration of allantom to this animal serves to 
stimulate purine met ibohsm Aftoi subcutaneous injection the rccoveiy bj 
excretion 75-100% foi man, inonkc) and pig 

TAIU r 3 


CxcrtUon of allanlotn in vtnn 


8VBJECT 

ADUIMST>*TlCiS ' 

nTCBVAL 

<r ttist 
r uim s 

1 ALUVTQl'l krCOVXBV 

Mode 

Amount 

1 Am6unt 

rertentase 

Toial 



rnfm 

htf 

mtm 


% 

R P 

ornl 

1000 

2 

1 33 7 

3 4 





2 

i 48 3 

4 8 ! 





8 

73 5 

7 4 1 





12 

30 0 

3 0 

IS 6 in 24 liours 

h \ 

oral 

4 X loOO 

12 

1 ias5 

23 0 





12 

102 

6 7 





24 

1 213 

3 5 





21 

1 30 1 

0 C 

33 8 jn 72 hours 

11 

inlravcnoua 

2-10 

24 

IW 2 

OS 4 




1 

24 

35 8 

15 0 





21 

31 5 

14 4 

OS m 72 hours 

L \ 

inlraNcnous 

lOQ 

4 

63 0 

03 0 





5 

22 3 

22 3 ' 





3 

9 2 

0 2 

91 5 m 12 hours 

T VV 

intrav 01)0118 

75 

2 

25 0 

33 0 1 





4 

23 0 

31 4 i 





6 

18 3 

21 4 ' 

SS 8 in 12 hours 

H 

mtrav crous 

50 

2 

10 2 

38 5 





4 

ir 5 ! 

33 0 

71 5 in C homs 

W F 

subculnneous 

50 

2 

19 2 j 

38 4 





4 

21 4 

42 S 

81 2 m G hours 

\t H 

bul ciitancous 

50 

i 

10 3 1 

20 0 





4 1 

n 7 1 

23 4 1 





18 1 

11 6 

1 20 2 1 

1 73 2 in 24 hours 


The explanation for the disappcaiance of allantom aftei oial administration is 
to bo found m bacterial decomposition m the intestine pi loi to absorption This 
has been shown to happen in the fetes of the monkey b\ Givens (1914) and to 
be brought about bj imulentihed bictciia fiom urine b> Mendel and Dakin 
(190fh-10) ' 


THE ROLE OF PYROGEXS IX THE ALLEGED LEUKOCYTIC 
RESPOXSE TO ALLAXTOIX 

-E. GORDOX YOUNG and 'SV, W. HAWKINS 
From the Department of Biochemistry, Dalhousic Vniversily, Halifax, Canada 

Received for publication November 29, 1943 

In 1912 Macalipter first suggested the action of allantoin as a cell proliferant 
and its possible application in the treatment of external and internal ulcers. He 
reported further observations on allantoin in 1936 and stressed its stimulus to 
leukocytosis, whether administered orally or parenterally, and its use in lobar 
pneumonia using a dose as low as 10 mgm. The position of allantoin in thera- 
peutics was i-eviewed bj' the Council on Pharmacy and Chemistry of the Ameri- 
can Medical Association in 1938 and judged not established on the evidence then 
available. Since then Greenbaum (1940) has claimed to have produced a 
neutrophilic leukocytosis in rabbits and dogs after intramuscular, intravenou.s 
and oral administration. The possible relationship between the leukocytosis 
and the function of allantoin in wound healing as in maggot therapj' (Robinson, 
1935) caused us to in\’estigate more thoroughlj'- the I’clationship between allantoin 
and leukocytosis especially in man. 

For the reason that our results were finally inteipi'eted as negative in man, 
dog and rabbit, the.v are presented below onlj' as a few examples of a large gi'oup 
of experiments extending over a period of two years. 

Expehimextal. Three different specimens of allantoin made by Merck it 
Company, Eastman Kodak Company and Bn'tish Di ng Houses ha\-e been used 
at different times. These were recrystallized from warm water for some of the 
experiments. Due to preliminary charring, molting point determinations tend 
to r'aiy considerablj’ and end in decomi)osition. Typical results were 227°, 
230°-232°, 234°. Heilbron (1934) lists 235°-230°C. 

Solutions weie always freshly prepared on the day of administration a short 
time before use, warming to a temperature of 50°-G0°C. Tliey uere sterilized 
by pa.ssage through a fine IMandler or Berkefeld filter. The medium was Ring- 
er’s solution or physiological saline. 

Red and white cell counts were made with a good Zeiss hemacytometer on 
peripheral blood. In every case at least two counts were made. Differential 
smeai-s were colored with Wright’s stain and usually 200 cells were counted. 

It has been our practice to study the normal variations in the counts of the 
experimental subject for several days and at different times of the day priorto 
administering allantoin. That this is a necc&sary procedure before the conclu- 
sion can be drawn of a leukocytosis maj- be judged by the variations listed in table 
1 of eleven normal healthy males from 20 to 45 years of age who have served as 
experimental subjects. 

The only regularity in fluctuation that appeared in our counts was that the 
highe.st count which the indimdual showed appeared with few exceptions about 
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the middle of the afternoon and the lowest count in the early morning. Exercise 
and food ingestion did not appear to influence the white cell count or any one type 
of cell. This is in agreement nith the observations of Shaw (1927) and others 
(Sturgis and Bethell, 1943). 

Oral administration in man Macalistcr (1936) and his colleagues claimed to 
have induced a leukocytosis with repeated oral doses ns low as 60-130 mgm. 
Five individuals have ingested single multiple or doses of allantoin ranging from 
0 2G-7.35 gm. either in capsules or in solution. Taking into account the normal 
fluctuations of each individual no increase in the number of leukocytes or of any 
one type of cell could be detected. Most of the allantoin ingested is decomposed 
by bacteria in the intestine (Young, Wentworth and Hawkins, 1944). One 
typical experiment at a high dosage level is shown in table 2 in which 34% of the 
allantoin was recovered in the urine. All figures recorded arc within the normal 

TABLE 1 


^ormol JlucO/anons tn leukocyle counts of healthy males 


strBjtet 

1 WntTC BtX)6D CCU^ 

PirTFt£NCS 1 

NcmaroiLS ! 

OJrrtiEvcr 

W.H. 

1 ptt t mm 

6200- 9,200 

3000 

60-70 

20 

E Y 

5200-10,100 

4900 

49-65 

16 

R P. 

4300- C.COO 

2300 

33-55 

25 

W F 

3SOO- 6,600 

2700 1 

45-57 

0 

F R 

4700- 7,100 

2400 ' 

50-59 

9 

G H. 

5000- 8,900 

3500 

46-61 

15 

T ^Y. 

5500- 6,700 

1200 

52-70 

18 

c.w 

5000- 6,900 

1900 

45-61 

13 

G M. 

4200- 6,000 

2400 

47-63 

16 

B C 

5S00- 8,700 

2000 

53-71 

IS 

M M 

0000- 8,200 

2200 

46-59 

13 

Average 


2073 j 
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range for this individual. Xo subjective symptoms were noted in any of these 
expeiinients. Table 3 records an experiment with multiple doses of about one 
grain in repetition of the procedure suggested by Macalister (193G) . No leuko- 
cytosis was evident. 

Intravenous administration in man. No observations on intravenous injection 
of allantoin in man have been recorded in the literature to our knowledge. 
Macalister (1936) has claimed that a subcutaneous dose of 10 mgm. to patients 
with pneumonia raised the leukocyte count in some cases but no case records are 
submitted and few details are given. We have earned out a large series of experi- 
ments on eleven male adults v ith dc«es of 50-240 mgm. dissolved in physiological 
"ahne or in Ringer’s solution at a concentiation of about 0 5% allantoin. The 
response \\ as sometimes doubtful at 50 mgm , in 10 ml., but usually detectable at 
75 mgm. in 15 ml. There was a definite Icukocjtosls vith a specific neutrophilia 
occurring in about 3^ houia and lasting foi 5-0 hours or longei . Occasionally a 
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leukopenia was detectable about an hour after the injection. In no case was 
there any significant alteration in the red blood cell counts. A typical result is 
shown in table 4. 

The response to the largest dose given intravenously, 240 mgm. in GO ml. of 
Ringer’s solution, is tabulated in table 5. The leukocytosis appeared between 
the third and si.xth hour and remained for many hours. The neutrophilia was 


TABLE 2 


Effect of oral admintslration in man 

Subject: E. G. V. Normal W.B.C variation: 5,200-10,000. Percentage variation in 
neutrophils: 49-65. Dosage; 6 gpi. ns 4 doses of 1.5 gm in 400 ml. water. 


Tiin: 



REMARKS 

M 

L 

1 1 

1 

1 “ 

10.30 a.m. 

7,900 

2.0 

39.5 



IB 

1st dose of 1.5 gm. 

12.45 p m. 

6,700 

0.3 

45.3 


1.7 

m 

2nd dose of 1.5 gm. 

3.00 p.m. 

5,200 

0.0 

34.5 

65.0 

0.5 

0.0 

3rd dose of 1.5 gm. 

6.00 p.m. 

7,800 

0.3 

44.0 

51.3 

1.3 

0.0 

4th dose of 1.5 gm. 

8.00 p.m. 


0.5 

47.5 

49.5 

1.5 

1.0 


10.15 p.m. 


0.0 

47.0 

52.5 

0.5 

0.0 



TABLE 3 

Effect of oral admintslration in man 

Subject: R. F. Normal W.B.C. variation: 4,300-6,600. Percentage variation in neu- 
trophils: 33-58. Dosage: 260 mgm. ns 4 doses of 65 mgm. in 40 ml. water. 





DIFFEREVTIAE COUNT 



TIME 







REMARKS 



M 

h 

N 

E 

B 


8.45 a.m. 

5,500 

0.5 

43.5 

65.0 

0.5 

0.5 

Ist dose 

10.30 a.m. 

6,300 


44.3 

54.3 

0.7 

0.0 


10.45 a m. 

5,200 



54.0 

0.5 

0.5 

2nd dose 

12.45 a.m. 

5,200 



56.0 

0.0 

1.0 

3rd dose 

2.00 p.m. 

6,000 



48.5 

0.5 

0.0 


2.45 p m 



55.5 

44.0 

0.0 

0.0 

4th dose 

3.30 p m 

5,400 


48.5 

49.5 

0.5 

0.5 


4.15 p m. 

5,500 



47.0 

1.5 

0.0 


7.00 p.m. 

6,300 


46.5 

49.5 

2.0 

1.0 



definitely present throughout the second day. Xo appreciable leukopenia was 
shown by this individual. Of the dose administered 98% was estimated in the 
urine, 69% on the first day, 35% on the second and 14% on the third. 

Suhculancoits administration in man. Several subcutaneous injections were 
cairicd out with doses of 25-50 mgm. dissolved in Ringer’s solution. The in- 
itial results w ere very similar to those obtained after intravenous administration. 
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A leukocytosis i\ith a neutrophilia wns appwntin about 4-5 hours lasting for 
onb a few hours at this do ago level 

In attempting to determine the minimum dose of allantoin which would pro 
diicc a definite IcukocjtOiis the number of subjects was extended with the 


T\mL4 

Ejjccl of infroicnous a /iKnis/ranon in man 
Subject T W >.onii'il\\ BC vunation 5 500-6 700 Percentage \ar:ation m neu 
trophils 52 70 Dosage 75 mgm in 15 ml Ilingcr*s solution 



TABLE 5 

Fff<cl of irilrarenous arfminw/rfllion in man 
Subject W II Normal WBC \analion 6 200-0 200 Pcrccntnge variation in neu 
trophils 50-70 Dosage 210 mgm tiiGOml Ringer s solution 


TIME 

w B e 

1 WrrtK»TIAtCDOVT 

BFHAkES 

M 

L 

N 


a 

1st da) 








12 45 p m 

1 7 200 

1 20 

35 5 1 

59 5 

2 5 

0 5 

Allantom 

1 45 p m 

6 200 

00 

33 0 j 

C6 0 ! 

0 5 

0 5 

injected 

3 45 p m 

7 COO ' 

0 0 

35 6 

63 5 

1 5 

0 0 


6 15 p m ' 

15 600 

0 5 

07 ! 

80 3 

0 5 

0 0 


6 45 pm 

16 800 

0 5 

13 0 

85 5 

1 0 

0 0 


U 00 p m 

U 900 

0 5 

22 6 

76 5 1 

0 5 

0 0 


2nd day 








10 30 a m 

S 700 

0 7 

1" 0 ! 

81 0 

1 3 

0 0 


1 00 p m 

9 100 1 

1 0 

15 0 

82 6 

1 0 

0 6 


8 30 p m 

9 COO i 

1 

00 

j 

16 0 

81 5 

2 0 

0 5 


3rd day 








11 15 a m 

0 100 i 

2 0 1 

29 0 

68 5 

0 5 

0 0 



appearance of sjmptoms of shock in son c individuals Several subjects tom 
plained of headache, nausea and vomiting They ran a hyperpyrexia of 
9fl-104® F which coincided with the leukocj tosis and neutrophilia 

Control experiments weie then done administering 15 ml of Ringer’s solution 
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sterilized by passage through the same filters as used previously to subjects who 
had previously not experienced any sjTnptoms. In one instance, shown in table 
C, the patient experienced no ph 3 'sical discomfort but a definite leukocytosis with 
a neutrophilia was apparent and there was also a slight hyperpyrexia. In an- 
other e.xperiment using 15 ml. of the same Ringer’s solution some days later a 
marked reaction was experienced with a leukopenia of 2, GOO in one hour and a 
leukoc 3 'tosis of 15,200 in six hours ivith a neutrophilia at 96% of the white cells. 
The oral temperature reached 103°F. in four hours. There was a marked shift 
to the left in the blood picture. Such findings strongl 3 ' suggested the presence 
of pyrogenic substances in the solvent (Seibert, 1923; Seibert and Mendel, 1923; 
Banks, 1934; Co Tui et al., 1937; Co Tui and Schrift, 1942). Using doubly or 
tripb' distilled water from all-glass stills and sterilizing by autoclave, isotonic 
saline solutions produced no effect on cither the white cell counts or the percentage 
of neutrophils. There were no subjective symptoms. 

TABLE G 

Control experiment with Ringer’s solution 

Subject: W. H. Normal W.B.C. variation; 6,200-9,200. Percentage variation in neu- 
trophils: 50-70. Dosage: 15 ml. Ringer’s solution intravenously. 


Tzur ' 

W B C. ' 

DtFTESlZtmAX CODNT 

BEUASKS 

M 

L 

N 

i ^ 

B 

0.00 p.m. 

6,700 

7.0 

37.0 

56.0 

m 

0.0 

Ringer solution 

8.30 p m. 

11,400 

3.0 

16.5 

79.0 

EQ 

1.0 

' 

9.30 p.m. 

13,700 

3.5 

12.5 

83.0 

■ra 

0.0 

Temperature 99.4°F. 

11.00 p.m 

10,700 

2.5 

23.0 

74.0 


0.0 


12.05 a m. 

9,200 

6.0 

19.0 

74.0 


1.0 

Temperature 99. IT 

1.00 a m. 

9,500 

2.5 

25.5 

71.5 


0.0 


8.30 a.m 

8,400 

3.5 

1 19.5 

76.0 


0.0 

Temperature 98 6°r 

9.00 a.m 

5,400 

3.0 

39.0 

57.0 

1.0 1 




The allantoin experiments were then repeated using 75 mgm. in fresh saline 
made up in doubly distilled water sterilized by passage through a Berkefeld filter 
as before. There was no leukoc 3 dosis or neutrophilia in four experiments. A 
fifth experiment was carried out using 200 mgm. of a recr 3 ’stallized specimen in 
40 ml. saline solution. The results are shown in table 7 and the 3 ’ are definite^’ 
negative despite the large dose administered. 

AUanloin adminislration to dogs and rabbits. In the course of this investigation 
the effect of allantoin has Ireen tested on rabbits and dogs. Careful and pro- 
longed observations have been made on three rabbits to determine their normal 
variation in w.b.c. and differential counts. The white cell count shoved a ten- 
dency to rapid and wide fluctuations with an increase of possibly 100% over a 
period of a few hours. The proportionality between neutrophils and lympho- 
cytes also tended to change rapidly' and unpredictably. This is notable in 
counts recorded by Cheng (1930) and also in a recent paper by Chapman (1942). 
Selecting one animal that had shown the most constant counts, viz., 5,700-9,000, 
avg.7,700 w.b.c., and 37-71% neutrophils, avg. 52%, an experiment was carried 
out administering 500 mgm. allantoin orally' in five gelatin capsules. 7 he w.b.c. 
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count rose to 12,300 in four hours and the neutrophilia to 75%. These results 
were not convincing because counts made on the second and third days showed 
wide fluctuations and a count of 13,800 vdiXx 39% neutrophils occurred on the 
third day. Some experiments were, however, suggestive of a definite leukocy- 
tosis at 18,300 Mith a neutrophilia. 

The dog was a better exjicrimcntal animal bccau.se of more constant counts. 
In one experiment 1.5 gm. of allantoin in solution were given by stomach tube 
without any significant rise in the w.b.c. count. In three experiments doses of 
100 mgm. and in one a dose of 270 mgm. given either intravenously or intramus- 
cularly were accompanied by increases of about 25% or no change at all. These 
increases we do not consider statistically significant. 

T.\nLE 7 

Efecl oj ailantoin tn ptjrOQtn-Jrfe saline sohUiort 
Subject: W. II. XorniflJ W.B.C. v.^ri.ition: 6,200-9,200. Vcncnlnf'c variation in neu- 
trophils: 50-70. Dosage: 200 mgm. in 40 ml. saline intravenously. 





DirrEtEvnoL com 



Tin 

W » c 






ICUAIKS 



ii 

L 

N 

E 

B 


11.30 a.m 

S,2<X) 

5.0 

30.5 

62.0 

2.0 

0.5 

Allan toin 

12.30 pm 

6,200 

5.5 

23.0 

70.0 

1.0 

0.5 

injected 

1.30 pm 

6,000 

8.5 

20.0 

61.0 

0.5 

1.0 


2.30 p.m. 

7,000 

5.5 

31.5 

61.0 

1.0 

1.0 


3 30 p.m 

7,100 

8.0 

38.5 

52.5 

0.0 

1.0 


4.30 p.m ... 

7,100 

5.0 

20.5 

64. 0 

1.5 

0.0 


6*15 p.m 

7,300 

4.0 

33.5 

co.o 

2.0 

0.5 


11.30 TJ.m.. . 

6,400 

7.5 

40.0 

50.5 

2.0 

0.0 



Discussio.v. The evidence for a leukocytosis from allantoin was adduced for 
man by Mncalister (1930) and for rabbits and dogs by Greenbaum (1940). The 
former used doses of GO-130 mgm. orally and 10 mgm. parenterally and neglected 
to take into consideration normal fluctuations in w.b.c. counts accepting as sig- 
nificant increa.sc.s of 5 to 1 5% in polymorphonuclear cells and 25 to 47% in total 
counts. Our observ'ations would permit such fluctuations in normal individuals 
as shown in table 1. The doses used by us have duplicated and far exceeded 
those used by Macalistcr without convincing increases in counts in the absence of 
pyrogenic substances. 

Greenbaum has claimed that 0.5 gra. given in suspension by stomach tube to 
rabbits produced a definite leukocytosis in 1-2 hours. Intramuscular injections 
of 20 mgm. to three animals were found to be more effective. Intravenous injec- 
tions of 20-40 mgm. in single or repeated doses were less effective and a critical 
appraisal of the counts would judge them unchanged in our opinion. The effect 
on dogs in Greenbaum’s experiments were less marked than on rabbits. We do 
uot consider that the counts after administration of allantoin recorded by Green- 
baum or Macalister are convincing because the normal fluctuations were not 
adequately taken into consideration. 

We do not therefore believe that allantoin can be classed ^vith nucleotides, 
adenine or guanine as a leukocytic agent. Furthermore it would be surprising to 
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The averages of these tests, summarized in table 1, show that at pH 6.0, sul- 
famethazine and its N’-acetyl derivative u'ere considerably more soluble in buffer 
or urine than sulfamerazine and its acetyl derivative, which in turn were more 
soluble than the respective.su!fadiazines. As the pH increased toward 7.0, these 
solubility differences diminished and at pH 7.6 or 8.0 were essentially absent. It 
should be noted that in nearly all cases the acetyl derivatives were somewhat 
more soluble than the free sulfonamides. It should also be pointed out that the 
pH of solutions of the acetyl derivatives which were initially above 7.0 became 
more acid during the period of incubation. This change may have resulted from 
hydrolysis of the acetylated drugs, since free sulfonamide was detected in the 
solutions MTth pH greater than 7.0. 


TABLE 1 


Solvbilities of sulfadiazine (SD), sulfamerazine (SMD), sulfamethazine (SMMD), and their 
N^-acelyl derivatives in phosphate buffer and human urine 


ItitTtKL 
pH OF FLUID 



MCM. % SULFONAMIDE IS SOLUTION 


SMD j SMMD I AcSD | AeSMD j AcSMMD 


Solubility in phosphate buffer 


6.0 

16.8 

36.5 

67.2 

27.6 

37.8 

70.4 

6.4 

24.6 

43.9 

68.6 

48.1 

62.6 

80.0 

6.8 

41.0 

61.4 

77.0 

80.1 

100.5 

95.0 

7.2 

78.0 

9S.4 

96.0 

120.9 

123.4 

IIS.O 

7.6 

130.0 

148.7 

128.3 

212.0 

194.0 

186.5 

8.0 

177.5 

199.0 

105.5 

230.5 

227.0 

233.0 

Solubility in urine 

6.0 

16.8 

3S.4 

69.2 


39.0 

67.0 

0.4 

30.9 

48.4 

75.2 

49.5 

78.0 

86.4 

6.8 

41.0 

62.8 

83.3 

92.0 

108.0 

90.7 

7.2 

81.8 

80.3 

99.7 

110.0 

113.4 

1 114.0 

7.0 

138.7 

I5S.3 

I44.S 

210.0 

204.8 

176.2 


18G.5 

208.5 

179.3 

229.1 

227.2 

216.0 


The above data are similar to those reported by Cdlligan and Plummer (9), 
who used essentially the .same procedures in determining solubility. The only 
significant difference in the results is that Gilligan found sulfadiazine to be much 
more soluble at pH 7.8 than sulfamerazine and sulfamethazine, whereas in the 
current experiments the three drugs had essentially the same solubility at this 
pH. The explanation for this difference is not apparent. Both the present data 
and those of Gilligan differ from the data reported for sulfadiazine by Jensen 
and Fox (10), for sulfamerazine by Welch and coworkers (II), and for sulfa- 
methazine by Macartney (12) and Rose (G). These observers reported much 
greater solubilities for all derivatives at alkaline pH than were obserr-ed here, 
although their data at acid pH are not significantly different. It is generally 
recognized that the technique of determining solubility of the sulfonamides has a 
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marked effect on the absolute results, furthermore, it is an casj matt«*r to obtain 
supersaturated solutions These factors maj well explain the di\ert;ent results 
noted above, since the procedures emplojed bj the'ic workers were quite different 
from those used m the pre^sent studv 

Assuming that the renal toxicitj of a sulfonamide is to a great extent inv erscb 
proportional to its solubility, the question mav be raised whether the differences 
m solubihtj of sulfamethazine, eulfamcrazinc and sulfadiazine at acid pH are 
great enough to suggest a significant difference in renal toxicitj It is true that 
the absolute differences in the solubihtj of these drugs are small, the relative 
differences arc considerable, how cv cr, sulfadiazine at pH G 0 being onlv one half 
as soluble as sulfamorazme and one fourth os soluble as sulfamethazine That 
these differences in solubility arc important in determining renal toxicitj will be 
shown in the rat and dog experiments described in a later section of this stud> 

B Absorption ond excretion Absorption studios on sulfadiazine, sulfamera- 
zine and sulfamethazine were earned out in mice, rats and nionkejs With 
minor exceptions the technique of each expenment was the same Ah animals 
received the sulfonamides bj stomach tube In the expenments with white 
mice (18 to 20 grams), groups of 3 animals were sacnficcd 1, 2, 4 or 8 hours after 
receiving unit quantities of the abov e drugs, suspended m 0 2 cc of w ator The 
free sulfonamide concentration m the blood of each animal was determined and 
the results averaged In the expenments with white rats (130-150 grams), 
groups of 0 animals received the desired quantilj of drug suspended m 1 cc of 
w’ater Heart blood samples w ere obtained from each of these animals 1,2,4 and 
8 hours after treatment, these samples were al'io analyzed individually for free 
sulfonarmde content and the results averaged In the expenments with mon 
keys, the animals received the drugs suspended m 50 cc of water and were bled 
from the cephalic v ein at the intervals indicated in table 2 The monkey s w ere 
fasted throughout the experimental penod, the food and water supplies of the 
mice and rats were not restneted 

The concentrations of sulfadiazine, sulfamerazine and sulfamethazine in the 
blood following oral administration of these drugs are shown in table 2 The 
data in this table show, first, a significant difference in the time at which peak 
blood levels of the three drugs were attained In the work with mice and rats, 
maximum blood levels of sulfamerazine and sulfamethazine were attained more 
rapidly than w ere those of sulfadiazine In the expenments with rats, peak lev els 
of sulfamethazine were found at earlier penods than tho'se of sulfamerazine 
These relationships were not apparent in the e\penments with monkevs Sec 
ondly, the data show distinct differences in the rates at which the different sul 
fonamides disappeared from the blood Thus 8 hours after the dnigs had been 
administered, the concentrations of sulfamerazine were distinctly higher than 
those of sulfadiazine and sulfamethazine Tins phenomenon was most stiiking 
m the experiments with monkeys In connection with the chronic expenments 
to be described later, it should also be noted that m the monkey s the 8-hour lev els 
of sulfadiazine were distinctly lower than tho«e of sulfamethazine 

The excretion of the three sulfonamides xv as studied indirectlv , by determining 
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their elimination from the blood folloiving intravenous administration. Admit- 
tedl}’ the validity of this procedure would depend on similar distribution of the 

TABLE 2 


Concentrations of sulfadiazine, sulfamcrazine and sulfamethazine in blood following oral 
administration of single doses 


DOSE PER KCU. 
DODY WEICJir 

DRUG* 

UCM. % TREE SUtrONAMIDE IN BLOOD 

Hours after ingestion of drug 

1 > 

1 2 

1 ^ 

i ^ 

1 " 

Experiments with micef 

grams j 







0.25 

SD 

5.3 

6.3 


4.0 

1.7 


SMD 

6.7 

6.3 


4.6 

2.3 


SMMD 

5.3 

4.2 


3.6 

1.6 

0.5 

SD 

8.9 

10.8 


9.1 

2.6 


SMD 

11.0 

9.3 


7.3 

4.1 


SMMD 

11.5 

8.5 


6.9 

3.4 

Experiments with ratst 

0.125 

SD 

6.6 

10.2 

■■■ll 


8.4 


SMD 

11.9 

14.4 



10.5 


SMMD 

12.6 

12.5 



6.8 

0.25 

SD 

11.4 

18.5 



16.6 


SMD 

22.7 

25.5 



19.7 


SMMD 

22.5 

21.1 


17.7 1 

15.3 

Experiments with monkeys§ 

0.1 

SD 

2.7 

3.4 

5.1 

6.0 

2.7 


SMD 

5.0 

8.5 

11.0 

11.5 

7.7 


SMMD 

4.6 

7.9 

12.5 

12.7 

6.1 

0.4 

SD 

4.5 

7.1 

7.3 

6.2 

4.2 


SMD 


17.3 

21.7 

19.0 

14.4 

1 

S.MMD 

4.4 

12.7 

16.4 

13.5 

8.5 


* Sulfadiazine = SD; sulfamcrazine = SMD; sulfamethazine = SMMD. 
t Each figure represents the average sulfonamide concentration in the blood of 3 mice 
sacrificed 1, 2, 4 or 8 hours after receiving the indicated dosage of drug. 

t Each figure represents the average sulfonamide concentration in the blood of G rats. 
These animals mere bled 1, 2, 4 and S hours after receiving the indicated dosage of drug. 

§ Each figure represents the sulfonamide concentration in the blood of one animal, bled 
at the intervals indicated in the table. 

three drugs in the tissues. Whether this is the case has not yet been deter- 
mined. 

■Rats and monkeys were used in these experiments. Three rats were employed 
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for each do'^ago The required qiianhtj of the sodium sulfonamide as injected 
into the tail \ cm Heart blood samples T\erc obtained at 1 , 2, 4 and 8 hour inter- 
^als and anal>zcd as dc«!cnbed abo\c The monkejs rccei\ed the requisite 
amount of the sodium sulfonamide via the cephalic vein 
The concentrations of sulfadiazine, sulfamorazinc and sulfamethazine m the 
blood fo^o^^lng lntra^cnous administration of these drugs arc 6ho^^^l in table 3 
The data indicate that sulfamcrazinc is removed from the blood stream more 

TABLL 3 


Concenlraltons of suljadia'ine, aiitfamtraj.ine and sulfamethaztne m blood following 
xntraicnova injection of atngU doaea 


DoscrziKCU 
loot WIICHT 

MC6* 

i 

1 ucit *snEt smjovAUTOE is blood 

tajcct OB oi dnii 

1 ■ 1 

1 ’ 

1 ' 

1 * 

Expenmonta with ratsf 

Irani 


1 




0 Oa 

SD 


9 6 

S 3 

0 6 


SMD 1 

12 1 

10 5 1 

9 2 

7 3 


SMMD 

0 S 

80 

C 6 ' 

4 5 

02 

SD 

32 4 

27 7 

22 5 

14 1 


SMD 

31 2 

27 7 

22 1 1 

17 3 

! 

SMMD 

20 C 1 

23 ! ] 

18 5 1 

13 2 



Experiments t 

vtth monkc>st 



0 023 ' 

SD 

4 9 1 

4 2 

0 9 

0 0 


SMD 

7 I 

6 0 

3 4 

09 


SMMD 

4 6 

4 2 

0 8 

0 0 

0 1 

SD 

14 9 1 

9 0 

7 0 

2 3 


SMD 

19 0 1 

17 3 

1 13 4 

5 6 


SMMD 

16 5 1 

14 3 

8 5 

3 4 


* Snlfadiarinc »» SD, BuUamerazine =■ SMD, sulfamclbazinc ** SMAID 
t Each figure rcpre‘«ents the a%crage BuUonamtde concentration m the blood of 3 rats 
These animals were bled 1, 2, 4 and 8 hours after receiving the indicated dosage of drug 
} Each figure represents the sulfonamide concentration in the blood of one animal, bled 
at the intervals indicated in the table 

slowly than sulfamethazine or sulfadiazine Tlie present experimental data 
permit no definite conclusions as to the rclativ e rates of rcrao^ al of the tw o latter 
drugs 

The observations recorded in tables 2 and 3 suggest that sulfamerazine and 
sulfamethazine are absorbed more rapidly than sulfadiazine, also that sulfamera- 
zine IS excreted more slowly than the other two drugs These ob«;erv aliens are 
m fair agreement with the results of the more complete studj of Welch ct al (11), 
'vith the preliminary report of Goodwin and Finland (14) on the absorption of 
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these drugs, and with the experiments of Welch (11) and of Marshall and Shannon 
(13) on excretion of the compounds. Attention should be called to the fact that 
the comparatively small differences in absorption and excretion indicated in the 
present single dose experiments may assume considerable significance during con- 
tinued administration of the drugs as in ordinary therapeutic usage or in chronic 
toxicity studies. 

C. Acute toxicity. The acute toxicitj' of sulfadiazine, sulfamerazine and sul- 
famethazine was determined in white mice (13 to 15 grams weight). The toxic- 
ity of the free drugs was determined orally, subcutaneously and intraperitoneally ; 
that of the N*-acetyl derii'atives was determined intraperitoneally only. Ee- 
gardless of the route of administration, the dose of sodium sulfonamide containing 
the calculated amount of the acid drug ivas administered in a volume of 0.5 cc. 
All deaths occurring wthin 48 hours of treatment were considered acute deaths 
and were included in the data from which LD^’s were calculated. 

In order to assess the acute toxicity of the drugs more completely, the blood 
levels associated irith LDm’s were also determined. Groups of 6 mice were 
sacrificed 1, 2 or 4 hours after treatment \rith the requisite amounts of the vari- 
ous drugs. Heart blood samples were obtained and analyzed for free or total 
sulfonamide content, depending upon whether the free or acetylated drug had 
been administered. 

The results of these experiments are summarized in table 4. According to both 
LDjo data and those on the peak sulfonamide concentrations in the blood, sul- 
famethazine had greater subcutaneous and intraperitoneal toxicity than sulfa- 
merazine, which in turn was slightly more toxic than sulfadiazine. The oral 
toxicity of the drugs did not fall in this order. According to the LDw data, 
sulfadiazine and sulfamethazine reacted similarly but had considerably greater 
oral toxicity than sulfamerazine. According to the blood level data, sulfadiazine 
was more toxic than either sulfamerazine or sulfamethazine, which were of equal 
toxicity. 

The experiments with the acetyl derivatives are of particular interest. Accord- 
ing to both LDjo and blood level data, acetyl sulfamethazine was considerably less 
toxic than acetyl sulfadiazine or acetyl sulfamerazine. In comparing the tox- 
icity of the acetylated and non-acetjdated drugs, it is of interest to note that, 
blood level for blood level, acetyl and free sulfamethazine had essentially the 
same toxicity, whereas acetyl sulfadiazine and acetyl sulfamerazine were nearly 
twice as toxic as the respective free drugs. 

It should also be pointed out that animals receiiing lethal doses of sulfamera- 
zine, sulfamethazine or their acetyl derivatives died within 6 hours of treatment. 
This was in striking contrast to the results with sulfadiazine and acetyl sulfadia- 
zine. Mice receiiing these drugs died 18 to 36 hours after treatment. This 
delayed death among mice receiving sulfadiazine has been reported previously 
(15-16). 

D. Chronic toxicity. The chronic toxicity of sulfadiazine, sulfamerazine and 
sulfamethazine has been compared in rats, dogs and monkeys. Particular 
attention was paid to the effects of the drugs on body growth and the development 
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TABLE 4 


The acute toxiciUcs of s\ilfadia me, tvlfamtroitne and sulfamethazine and their 
N* oeetyl deruatnes 
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• The concentr ition leportetl here is the average peak concentration Peak conctntra 
tiona of suUamertzine and sulfamethazine were attained 1 hour after administration of 
these drugs the peak concentration of biilfadtazine nag uttnincd 2 hours after treatment 


ot unnaij tiact patholugx In addition, in tlic monke>s and dogs a complete 
* istopathological ^tudt was made 
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pelvis, the pathology vas limited to a moderate dilatation of the collecting 
tubules in scattered aieas of the medulla, the tubular epithelium was entirely 
normal, however, and theie was no cellular reaction (In table 7, such kidneys 


TABLE 7 


The renal toxicity of sulfadiazine, sulfamerazinc and sulfamethazine 


TER CEST 
StLTOSAMlDI. 
JN BtOOD* 


PER CENT OP 
RATS WlTTt 
LRIVARY TRACT 
CONCRETIONS 


RESLLT OF MICROSCOPIC PXAUIVATION 


Per cent of kidneys 


Normalf 


Showinc slight Showing moderate Showing severe 
pathology! pathology! pathologyll 


Rats on diets conHining sulfadwiFino 


10- 20 

1 0 
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0 

4 





20 

37 





13 

77 
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Rats on diets containing sulfamerazinc 


10- 20 
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1 0 

0 

0 

21- 40 

; 0 

1 07 


0 1 
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41- GO 

32 

i GO 
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01- SO 
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I 48 



0 

81-100 

80 
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Rats on diets containing sulfamctlnrine 


10-20 

1 0 

1 100 

0 

0 

0 

21-40 

0 

I 100 

0 

0 

0 

41-00 

0 

1 100 

0 

0 

0 

01-80 

0 

' 100 

0 

0 

0 


Rats on control diets 


100 


* A\engc of levels obtained at 1 and 2 weeks Number of rats in c ich blood level group 
the sime as in tabic G 

t Figuie 1 illustrates the nucioscopic structure of the normal kidnc> 

} Figure 2 illubtratcs the microscopic structure charactcribUc of tlie kidney with “slight 
pithologv ” 

§ Figure 3 illustiatcs ihc microscopic structure characteristic of the kidney with “mod- 
erate pathologv " 

[[ Figure 4 illustrates tht microscopic structure characteristic of the kidney with “severe 
p ithologj " 


ha\ c been classified a‘; show mg figuic2 ) Aloicseveie lesions 

wcie loiind in those lats m which the concretions blocked fiee flow of urine In 
tliC'C cases, thcic was greatei and moie widcspiead dilatation of the collecting 
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tubulch In minj r ists tlio cnl)ic pjrwnid \\is iiuoUed and jn ‘'Oine cases the 
coitcN and pipilh aKo Ihc tuhulu epithpluim wns entirolj normal but the 
lumens of scatlercd tubuks conlitncd sniill iiumbpis of poljmorphonuclcar 
lcucop>tes Coiuoluted tubules and ninil corpuscles ^\prc not afTcctcd (In 
table 7, such kidncjs ha\e been cUssificd as showing vunlcrnlc pathologi/ cf 
figure 3 ) 

Although sulfadi izmc concictions occuntd less frccpuntlj, this sulfonamide 
had much gicater toxicit> for the kulncj thin sulfamciazinc Microscojnc 
e\ idcncc of pathologv w is found m 19% of the kidncN s from rats hai mg sulfa 
dmzmc blood leads of 10 to 20 mgm %and m 79% of the kidncjs fiom animals 
ha\ing leads of 21 to 40 mgm % In contrast to tins onl\ 3% of the kidneys 
of rats haaing sulfamciazinc leads of 21 to 40 mgm % showed pathological 
changes In a comparatiadi few instances the lesions m the sulfadiazine am 
malb were similar to those dcscnbcd as slight oi moderate m the hulfamerazmc 
group In the majontj of cases howcacr, the pathological changes were con 
hideiablj more seacic In these cases there was enormous dilatation of the col 
lecting tubules throughout the kidnea The cells of manj of these tubules 
show ed dcgcneratia c changes and the lumcnh w ere filled w ith polj moi phonudear 
Icucocjtes cellular debris and at times crastallmc diug M issps of leucocj tes 
had accumulated between the lulmlcs. Often degenerated tubules had been 
leplaced bj fibrous tissue Ihc renal coipu«clcs wcie normal, as were most of 
the conaoluted tubules in a few ca^es, howcacr the conaoluted tubules were 
compresed probabla as i result of extreme dilatation of the collecting tubules 
(In table 7 such kulncj haae been classified as showing seicrc pathology cf 
figure 4 ) 

The unnaij tract oi renal toxicities of sulfimcthazinc, sulfameiazmo ind sul 
fadiaznie seem to reflect the solubilities of tlicse drugs at an acid pH— sulf imetha 
zine the most soluble drug having the least toMcita , and sulfadiazine the least 
soluble drug haaing the most toxicitj Sime lat uunc has an ucid pH (4 5 to 
0 0 on a diet of Puiini Dog Chow Med) there is a tempt ifion to ascribe the 
ren il toxicitj dUTcicnccs to the solubilities of the di ugs Othei factom maa abo 
be responsible at least in the ca^c of sulfaintrazine and sulfadiazine Marshall 
(13) andSh innon (13) h lae shown signihcarit diflcrences m the lenal clearance of 
these two compounds sulf imciazinc clciruicc licing onlj one half that of sulfa 
diazine These dilTcrenccs in do nance coupled with the solubilitj difTcrcnccs 
maj he responsible foi the gicatt r toxicitj of sulfadiazine Although at present 
there is no caidcncc to suppoit this aicaapoint the posbihihlj must also be con 
sidcied that the thice sulfonamides oi Ihcii ncclal denaatiacs possess different 
dogitcs of toxicitv for the tubular epithelium 

1 he t( ndcncj of sulfiimcrazmc to deposit m the icn il pel\ is whereas sulfadia 
ziiu deposits in the collecting tubules probably igam leflccts (he differences m 
holubility and un il clearance Sulfadiazine, licing the less soluble of these diugs 
md chmmitcd in higlui concentrition tends to deposit higher up in the renal 

bjOilcm 
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2. Experiments with dogs. EiKlitpcn mongrel dogs were used in these experiments;* 
groups of 5 animals received sulfadiazine, sulfamcrazine or sulfamethazine, the 3 remaining 



Fig. I. Plato B 


dogs serving as controls. The daily dosages of the various drugs required to maintain 
minimum blood levels of 10 to 20, 20 to -10, ^0 to CO. and CO to 80 mgm. % were determined 

* The daily diet of the rings consisted of Purina Dtig (,'how Meal, and whole milk, supple- 
mented once Meekly ivith boiled hog liver. ^ 
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through a sj’stem of trial and error. Such dosages were then administered for periods of 
30 to 38 days, one-third of the total daily dosage being administered at 8 a.m. and two-thirds 
at 5 p.m. The drugs, suspended in milk, were administered orally. Minimum levels of 
sulfonamide in the blood (f.c., those prevailing before the 8 a.m. dosage) were determined 
at 5-day intervals and the sulfonamide dosage adjusted where necessary to obtain the de- 
sired blood level. Blood hemoglobin and urea nitrogen determinations were made fre- 
quently. 

At the end of the treatment period, the dogs were sacrificed and a complete necropsy per- 
formed. Spinal cord and ganglia, lung, lieart, liver, spleen, kidney and bone marrow were 
studied in microscopic section. 

The most important data obtained in the dog experiments are summarized in 
table 8. Using the eliange in body weight as the critei’ion of toxicity, sulfametha- 
zine proved somewhat more toxic than sulfamerazine, which in turn was slightly 



Fig. 3. Section through Kidney of RatReceivixgSui.f,\mer.\zine Showing E.xtensive 
Dilatation of Collecting Tubule.s throcghout Medulla and Con.sidervble Dila- 
t.ation of These Tubules in the Corte.x, No Ge.vekai.ized Cellular Reactio.v. I3X 

more toxic than sulfadiazine. This is .shown by the fact that Dogs 10, 18 and 25 
having sulfamethazine blood levels of 40 to 45 mgm. % lost considerably more 
weight than Dogs 2 and 16 with similar sulfamerazine levels. Dogs 1 and 22 with 
corresponding sulfadiazine blood levels either showed a slight gain or no weight 
change. 

Using renal injury as the criterion of toxicity, sulfadiazine was somewhat more 
toxic than sulfamerazine, which in turn was much more toxic than sulfametha- 
zine. As was the case in the rat experiments, this latter sulfonamide ajipeared 
devoid of renal toxicity, irrespective of its concentration in the blood. 

Blood level for blood level, sulfamerazine seemed to have somewhat less uri- 
nary tract toxicit)^ in the dog than in tlie rat. Concretions of this drug were 
found in the kidney pehns of three dogs, but in only one case (Dog 24) were they 
large enough or so located as to obstruct free flow of urine. In this animal, there 
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^\ as slight distention of the collecting tubules m t!ie papilla of one kulnev , in other 
respects the kKhlc^s were ontirclj noimal The low to\icit\ of sulfamerazine 
for the dog kidnc\ was noted picMoush b\ Welch (11) Wliether it lx'iii& anj 
relation to the absence of acct\ 1 ited drug m this species has not been detei mined 

Blood le\cl foi blood le\ cl, sulfadiazine produced distmcth moie renal damage 
than did sulfnmeruine, howe\ci, these\eiit\ of feulfadiazinc lesions in these dogs 
wa.s m no sense compilable to that obscued in lats All four animals with 
sulfadiazine blood lo\ols of d? mgm. % or more (Dogs 1, 15, 22 and 23) had con- 
cretions m the kidnev pcl\is, these deposit** weie much laiger tlian those of 
sulfameiazmo In two of the dogs (No 1 and No 22) thcic wa-s comparatively 
little renal pathologj, the collecting tubules in the papilla being modciatelj dis- 
tended, containing some cr\ ^talUnc drug and occasion il polnnorphon^ clear leu- 
cocjtcs In the other animals (Dogs 15 and 23), more seveie changes were noted 
Theie was generalized dilatation of the collecting tubules throughout tlie kidne> 
and moie widcspiead cellular re iclion One of the animals (Dog 15) de^ eloped 
urinarj retention as e\uUnctd b\ a rising blood urea nitrogen content which 
reached 30 3 mgm % it tlic time the animal was sacnficcd 

A^iidc from the renal inthologj m the dogs leceiMiig sulfadnzitie and Rulfa- 
merazme, all tissues wcic his(o!ogicall\ norma), oi showed onl> such changes as 
were piesont in tlie roiitiol anim ils as well 

3 f in</i T«onl> »c\cn monkejs (VflcncMs rhesus) Mere used in 

these c\penmetils,‘ groups of S jpccivcdsuUadmzine, sulfninei i?ine oi snlfampthatine, the 
a renuiiiniR amni'ila serving contioU Attempts were nniU to maintain immmum blood 
leveUoflO 20,40 CU imlSOingm *'< of (he variutis sulfonamides Inthicaspufsulfnmcm 
rinc ntul sulfametliazino this was aocomplislicd hy oial admimsli itioii of a dail\ dosage of 
0 15 0 3,0 6, 1 2 or 2 4 gnms sulfonamide per kgm bodj wtiglit In tliccaseof sulfndinzine 
blood levels tiiRbcr than 35 mgm % could not bo obtained with oral admmistiation of a daily 
doac ns large as4 8 Rrams per kgm bad> weight In order to obtain l>h>od levels of 40 to 60 
niRin ^ sulfadiazine, part of the daily do’»agc was administered intravenously as the so- 
dium salt This was done iii a group of three inonkejs Irrc^peetivo of the route of ad 
mimstrvlion, one tliird of the d idy dose of suUon amide w la idinimstored at Sam, two 
thirds atSpm Onl admiinstntion was bj stomach tube, lutrivenous Ip cepliahcvcin 

All monkejs riceiviiig sulfamerazmeor milf amcthazinc, and 5 of those receiving sulfadia 
zine, were under treatment for 30 dajs or until death occurred Three mnnkejs were treated 
with sulfadiazine for 50 dajs, rcccivniR the drug oraUj during the first 30 dnjs and both 
orally and intravenouslj during the last 20 dnjs Minimum levels of free and conjugated 
sulfonamide m blood (i e , those prevailing lieforc the8 a m dosage) were determined at 3 
to 7 da> intorvaU Twice during the experiment the duirinl lluetuations in blood levels 
were determined Lxcept for the monke>s receiving sulfadiazine intravenously, the blood 
levels of all sulfamerazine ami sulfadiazine treated monkeys remained remarkably constant 
throughout the daj there was ronsiderible Hiietuation, however, in the blood levels of am 
mals receiving sulfamethazine, especially in the lower dosage group (0 15, 0 3 and 0 6 grams 
per kgm bod> weight) 

Hemoglobin and urea nitrogen content of blood were dolermmed at frequent interv als 

A complete necropsy w as performed on c xch monkey at the end of 30 or 50 days or at death 
resulting from treatment Spinal cord and ganglia, lung, heart liver, spleen, kidney and 
bone marrow were studied m microscopic section 

* The d Illy diet of the mnnkejs consisted of orangea, apples, canots, potaloos, peanuts, 

and whole milk foiliHcd with irradiated ergostcrol 
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Tlie most pertinent data from this experiment have been summarized in table 9. 
As in the study with dogs, the present work suffers from use of a comparatively 



Fig. 4. Plate B 

small number of animals and in addition the fact that it was imiiossible to main- 
tain as high sulfadiazine levels as those of sulfameiazine and .sulfamethazine. 
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TABLE 8 

The chrome toxicity of sulfadiazine, sulfamcrazinc and sulfanielhazinc for dogs 
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RFM \FKS 


\nimnl** rcccninu feD 


26 

0 OG-0 15 

34 2 

30 

5 1-10 2 

10 5 

23 I 

Sacrificed on Dnj 31 Urea N m blood 8 3 mgm ^ 
Organs nnd tissues normal on gross nnt! microscopic 
OYnminaiion 

I : 

0 15>0 3 

77 8 

30 

21 7-47 3 

1 

If. 7 

1C 7 

Sacrificed on D'l^ 31 Uren N m blnod 15 0 mgm % 
Concretions of SD in peUcs of both Kidncjs, amor 
l.hotis ifntg 111 both ureters and bladder, (frj ucighl 
of concrcltons 155 mgm Mirroscopicallj , slight 
iniiirj to kidnej , limited to collecting tubules of 
papilla, crjstalline ilrug in tubules, feu poljmor 
phoniiclcnr Icucncjtcs uilhin tubules, but no in 
\nsion of aurrouniling tI‘^suo Other organs and 
tissues normal 

22 

0 3 “0 9 

114 3 

30 

IS 2 49 5 : 

i 

10 9 

11 7 

‘'acrificed on Dn\ 31 Tlrei N iii blood 10 5 mgm ''o 
ConcrehoiiH of SD in |)ches of both kidnejs, amor 
pitniis ilnig III l( ft ureter am! bladder ilrs ucightnf 
eoHcntions 256 incm MicroseopicalU , slight in 
jury to knJnrx, hinilrd to dilatition of roUcctiug' 
tubules in paj.illa, feu polj mori.lionuclear Icuco 
ej tes uitlim tubules, but noinxasion of surrounding 
tissue Other organs nnd tissues normal 

15 

0 9 

16S 6 

30 

53 0 C5 5 

7 2 

5 9 

^acrificeil on Da\ 31 Urea N m blood 30 3 mgm % 
Concretions m pehes of both kiiine\*s, ureters nnd 
m btmldcr, ifri ueicht of kldne^ conerefions 340 
mgm Microsropic ilK , moileratc injuri to kidne\ , 
ililntntion of collecting tubules (hroughoul kidnev, 
more marked In cortex than in medulla feu pol> 
iiiorphonurlcnr lcaeoc>(es uithin tubules but no 
iu\asion of surrounding (issue, cr\stallim ilrug 
<le|K>sitcd III cnlw Other organs and tissues nor 
iital 

23 

0 3-12 

1 

30S 9 

38 

49 2 100 

14 9 

12 7 

Suenficed on Dnj 39 Urea N in blood 16 5 mgm % 
Concrttinns m pehes of both kidnevs, dr\ ueight 
of roncrctioiis 503 nigin Mi( roscopicalli , moderate 
injiirx to kidney, dilatation of collecting tubules 
(hroughout kirlnej A feu dilated tubul&s con 
tamed niunx pol\ inorpliomiclear leurocjtes uith 
in\n.sinn of inttr tubular tissue in some cases 
Other organs and tissues normal 


inimils rccc«\mg S^ID 


20 

0 03-0 12 

95 4 I 

30 I 

f 3 Ifi 2 

17 2 

18 1 

Siciifiiedon Daj 31 Uiea N in blood 90 mgm 
Organs ami tisbiiea norm il on gross and microscopie 
exainimlioii 

16 

1 0 09-0 24 

132 1 

1 

30 

21 7-50 

12 7 

II 3 I 

Sierifieed on Oa\ 31 Urea N in blood 10 6 mgm 
Organs and tissues m.rmal on gntsa ind inicroscoine 
examination 

2 

0 09-0 21 

150 0 

30 

23 6 37 4 

13 6 

13 6 

Sicnficcd on Da> 31 Urt i N in hlc>od 7 5 mgm % 
Small cnnerelions of SMD m peh is of right kidney, 
tlrj ueight of eoncretions 19 mgm Organs and tis- 
Mus normal on gross md miciostopic e\ imination 


Blnod lc^cksltm^n arc llie Jowevt and highest wmcfutrUioii-, determined 15 liouis nfn r the p ni thi^c t«rfsutn 
ubU these arc the miiumuni blond le\els ,, ,, , 

I hirst figure indiixtes st irting dose, second sliona dose lequncd to main lam highest blood lc\ol 
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TABLE 8 — CoTtltnucd 



SCITONAUIIIE 



BObTTtCICBt 





ucu ru 

1 iH Li, 


DOO 

NO 

Gwms/ 
d*y/k( 
body 
weight ' 

Toul ' 
burins 

treat 

TIE*T 

MCNT 

avLroMA 
UISZ IV 
BLOOD* 

_ 1 
a ■ 

a 

ih 

BCIIABKS 


Animal S)(D— C«n/mu«tl 


34 
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0 8-12 

0 0 12 

240 8 

1 283 2 

3S 

1 

43 3-51 4 

48 1 G4 4 

6 8 

n *• 

58 

i 

3 7 

; Saefifeed on Day 30 Urea N in blood 14 1 mrm 
Small concretions of SMD m pelvis ol right Vidncy 
dr} weight ct eoneretiona 10 mgm Slight renal in 
juf) characterued by deposits of drug in calyx with 
mutling distention of collecting tubules of papilla 
Other organs a id ti-suea normal on gross and micro 
acopic examination 

SacriHeed on Day 39 Urea N in blood 8 3 mgm % 
Small concretion of SMD in pelvis of right kidney, 
dry weight of concretion 8 mgm Organs and tta 
aiieo normal on gruM and roicroseopie examination 





AnimBla receiving SMMD 

7 j 

0 15-0 27 

134 0 1 

38 1 

10 5-23 3 j 

>8 5 j 

18 9 1 

1 

Sacrificed on Day 39 Urea N in blood 8 8 mgm 
Organs and tissues normal on gross and sneroseopie 
examination 

10 

0 3 0 5 

182 0 

38 

1$ 1-44 0 

fss! 

13 1 

Sacrificed on Day 39 Urea N in blood 8 4 mgiD % 
Organs and tiasues normal on groas and niereaeopio 
exaisination 

18 

0 3-08 

2"8 9 

38 

35 4 40 4 

11 7 j 

8 5 

Sacnficed on Day 39 Urea N in blood 12 2 mgn ^ 
Organs and tusuea normal on groes and microscopie 
examination 

25 

07-06 

291 6 

39 

23 2-44 4 

II 3 

7 7 

Sacrificed on Day 39 Urea N in blood 12 6 mgm % 
Organs and tissues normal on gross and microscopie 
examination 

4 

0 7-15 

3'»3 9 

88 

S3 5 “4 6 

10 9 ; 

7 2 

Sacrificed on Day 39 Urea K in blood 14 3 mgm %. 
Organs and tissuea normal on gross and microscopic 
examination 


6 1 



1 34 


8 9 

10 0 

Sacrificed on Day 34 Urea N in blood 11 mgm % 








Organa and tissues normal on gross and microscopic 
examination 

27 1 



35 


11 7 

12 2 

Sacrificed on Dt} 35 Urea N in blood 14 mgm % 








Organs and tissues i ormal on groas and microscopic 
examination 

17 



3" 


9 5 

9 5 

Sacrificed on Day 37 Urea N in blood 9 0 mgm % 








Organs and ti « lea normal on gross and microscopic 
examinat on 


Nc^ erthele*^, the data do pennit one to conclude first, that blood lc\ el £oi blood 
level theie i*? no significant diffeiencc in the o\erall toxicity of the three dings as 
indicated by i\ eight changes, -econdl> , that the onl\ specific pathological lesions 
attributable to an\ of the compounds are those found in the kidney, thirdly, that 
sulfamethazine appeals to be de\OKl of renal toxicity for the monkey just as for 
the rat and dog, and lasth , that sulfamerazinc is capable of pioducing a severe 
renal lesion in the monkey, although iclatnely enoimou‘5 blood levels must be 
maintained to accomplish this 
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934 

14 

13 

G 

12 


30 


942 


25 


TABLE 9 

chronic toxicity of sulfadiazinCf sulftiTnerasinc and sulfamcthaziTic for monkeys 


S0LTONAUIDE 


KCU. PER CENT SUtPON- 

BODY W-EICn 


TREATUErrr 


AUIDE IN BLOOD* 

IK KG. 




DAYS 






Grams/ 

Total 

or 





REOIARES 

day/kg. 

bodi' 

weightt 

during 

WENT 

Free 

Conjugatcc 

— 



treat- 

ment 



*c 

.S 

iZ 


Animots receiving SD 

0.3 -O.C 

C6.4 

30 

7.3-19.5 

0 

4.04 

3.93 

Sacrificed on Day 31. Urea N in blood 11 

0.3 -fl.G 

30.7 






rogm. Organs and tissues normal on 

gross and microscopic examination. 

30 

G.G-14.0 

0 

1.75 

2.03 

Sacrificed on Day 31. Urea N in blood 13.5 

O.G -1.2 







rogm. %. Organs and tissues normal on 
gross and microscopic examination. 

94.0 

30 

23.7-40.0 

0-S.3 

3.20 

3.25 

Sacrificed on Da^* 31. Urea N in blood 8 








mgm. 9o, Organs and tbsuci normal on 
gross and microscopic examination. 

1.2 -2.4 

154.0 

30 

14.9-32.8 

0-3.5 

2.50 

2.86 

Sacrificed on Dav 31. Urea N in blood 7.5 

2.4 -4.8 







rogm. %, Organs and tbsucs normal on 
gross and microscopic examination. 

341.8 

30 

20.4-35.4 

0-2.6 

2.S0 

2.70 

Sacrificed on Day 31. Urea N In blood 10.5 








mgm. %, Slight renal pathology consbt- 
ing of precipitation of drug in collecting 
tubules of bolated areas of cortex and 
medulla with resulting dilatation; Httlo 
cellular reaction. Other organs normal 

O.C -5.0 

31G.8 

50 

3.G-G0.0 

0-3.0 

2.44 

2.C 

Sacrificed ©n Day 51. Urea N in blood 9.3 








mgm. %. Moderate renal pathology con- 
sbting of precipitation of drug in collect- 
ing tubules in many areas of cortex find 
rnedullai dilatation of tubules marked; 








moderate infiltration of polymorpho- 
nuclear leucocytes. Other organs normal. 

1.2 -5.0 

627.5 

50 

21.5-55.5 

0-6.0 

3.18 

3.25 

Sacrificed on Day 51. Urea N in blood 18.5 








mgm. %, Kldnej'S grossly enlarged. 
Jloderale renal pathology, somewhat more 
cxtcn8i\*a than in M 30; precipitated drug 
In collecting tubules in cortex and medulla 
resulting in generalized dilatation; infil- 
tration of tubules and surrounding con- 
nective tUsue with polymorphonuclear 
leucocj'tes. Other organs normal. 

2.4 -5.0 

5S4.0 

50 

17.8-42.2 

0-4.1 

2.79 

3.05 

Sacrificed on Day 51. Urea N in blood 10.3 








mgm. Organs and tbsues normal on 

gross and microscopic examination. 


Animals receiving SMD 


29 

0.15-0.3 

15.5 

i 

30 1 

1 

8.9-11.9 ; 

1 

0 

1.97 

2.26 

Sacrificed o« Day 31. Urea N in blood 6.5 
mgm. %, Organs and tissues normal on 
gross and microscopic examination. 

947 

0.15-0.3 

30.4 

i 

30 

8. 4-14. C 

0 

3.8S 

4.07 ! 

Sacrificed on Day 31. Urea N in blood 10.5 
mgm. Organs and tbsues normal on 

gross and microscopic examination. 

U 

0.3 -O.G 

1 38.0 

30 

18.9-28.8 

0 

2.36 

2.51 

Sacrificed on Day 31. Urea N in blood 16.5 
mgm. %. Organs and tbsues normal on 
gross and microscopic examination. 


' • Blood levels shown arc the lowest and highest concentrations determined 15 hours after the p.m. dose; pre- 
sumably these arc the minimum blood levels. 

t First figure indicates starling dojo; secaiid shows dose required to raamtain highest blood level. 
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TABLE 9 — Coni nucd 


svtro*<AviDi; 

TiEAnreffT 


Mcu PCI cts"t acirow 

AUIOC IN BLOOD* 

BODY BXicin 
IS cc 


Grains/ 

<l*y/kR 

body 

weight 

Tot*J 

|f»m* 

during 

treat 

ment 

or 

TIXAT 

MEVT 

Free 

Conjugated 


u 

BtUAtKS 


AountU r««eiv{i)( SMD— 


MI 

0 3 *0 6 

54 S 

30 

23 8-37 0 

0 

3 » 

3 55 

SaeriRcYi) on Dsj 31 Urea N’ in blood 6 5 
ngra ‘‘c Organs and tuauea normal on 
gras.* and microsrorie examination. 

31 

0 6-12 

81 0 

30 

24 2-36 1 

0 

3 55 

302 

Eaetideed on Day 31 Urea S in blood 12 5 
tagta ^c> Organa and tiaaun normal on 
groes and mierMCopie examination 

\5 

0 C-1 2 

1 

1 

91 1 

30 

43 5 58 6 

! 

1 

27 4- 4S 4 

i 

3 18 

2 43 

SacrlAeed on Day 3 1 Urea S in 1 lood 9* S 
mgm % Kilneja groa-lj enlarged 
Severe and^extensive renal pathologj 
most marked in collecting tubulea of 

1 medulla and cortex, but involiing eon 
votuteil tubules oa well although to 0 
len«ef degree Collectmg tubulea greallj 
dilated, many filled with potjtnorpl 0 - 
1 nuclear leueoejlee and residue of drug 
Tubular epitheliuro degenerated in some 
areas in others itretehed thin Poll 
morphonuclear leueocytea tntading sur 
roundiag tissue to point wlere kidne) 
itnjeture no longer clear Thrombi 
(ornlDg in laterlobular seina Con 
gestioD evident in spteen Fatty de 
generation in iiiYr Other tisaues and 
organs normal on atcrosooi le ex 
azoination 

0 

12-2 4 

70 0 

13 

83 5-«3 3 

50 5 112 4 

2 72 

2 65 

j 

Died on Day IS Uuplura left ureter 
Fieo fluid in body cavity Coneretinns 
of drug in lioth urelera also largo amount 
of amorphous drug Kidney's grossly 
enlarged Fevere renal pathology, most 
morked in collecting tubulea of medulla 
but at'O extending into cortex Marked 
dilatation of collecting tubulea with 
extensive infiltration with polymorpho- 
n icteae leucocytes 

20 

12-34 

101 3 

17 

49 5 75 8 

41 5 ‘7 2 

2 95 

2 25 

Died on Day 17 Kidneys grossly enltrged 
ureters filled with drug preventing flow 
of urine Severe and extensive renal 
pathology involving collecting tubulea in 
both cortex and medulla ifarked 
dilatation of collecting tubulea poly 
morphonuclear leucocytes infltrating 
tubules and aurrounding connective 


Animal* mei\inc BMMD 


23 

0 15-0 3 1 

18 5 I 

30 

1 0 03 1 


2 25| 

i 

2 31 ' 

Sacrificed on Day 30 Urea K in blood 11 
ngm ^ Organs and tissues normal on 
gross and microiicopic examination 

26 

0 15-0 3 

32 6 

30 

6 I-IO 7 


3 9 

1 

37 1 

! 

Sacrificed on Day 30 Urea N in blood 11 
mgm Organs and tlwu-s normal on 

gross and microscopic examiuation 
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TABLE 9 — Continued 


SXTLrONAinPE 

TSEATMZjrr 

DAYS 

OF 

TREAT- 

MENT 

VGU. TEX enrt sdlfon- 
AMIDE IK BLOOD* 

BODY WEIGHT 
IK EG. 

Grams/ 

dayAe. 

body 

weight 

Total 

grams 

during 

treat- 

ment 

Free 

Conjugated 

Initial 

Final 


Anlmala receiving 6MMD— Confinueti 


5 

0.3 -0.6 

38.2 

30 

6.3-22.4 


2.36 

2.23 

Sacrificed on Day 30. Urea N in blood 11 









mgm. %, Organa and tissues normal on 
gross and microscopic examination. 

m 

0.3 -0.6 

5S.6 

30 

6.9-10.6 


3.64 

3.59 

Sacrificed on Day 30. Urea N in blood 15 









mgm. %. Organs and tissues normal on 
gross and microscopic examination. 

19 

O.C -1.2 

79.0 : 

30 

15.8-32.5 

8.4- 23.2 

2.57 

2.40 

Sacrificed on Day 30. Urea N in blood 12 






1 

j 



mgm. %. Organs and tissues normal on 
gross and microscopic examination. 

8 

0.6 -1.2 

101.5 

30 

22.S-55.8 

7.3- 9.4 

3.14 

: 2.96 

Sacrificed on Day 30. Urea N in blood 8 









mgm. Organs and tissues normal on 

gross and microscopic examination. 

1C 

1.2 -2 A 

172.7 

30 

41.6-85.4 

15.0- IC.9 

3.0 

2.5S 

Sacrificed on Day 30. Urea N in blood 9.5 









mgm. 9c. Organs and tissues normal on 
gross and microscopic examination. 

2 

1.2 -2.4 

71.2 

: 14 

86.5-93.7 

13.5- 34.0 

2.63 

2.29 

Died on Day 14. tower segments of small 









intestine hemorrhagic} microscopic in- 
volvement of both mucosa and sub- 
muco«a. Other organs and tissues normal 
on gross and microscopic examination. 


Controls 


1.82 

2.54 

Sacrificed on Day 20. Urea N in blood 9.5 
mgm. 9c* Organs end tissues normal on 
gro'S and microscopic examination. 

1. 62 

1.52 

Sacrificed on Day 27. Urea N in blood 13.5 
mem. 9c* Organs and tissu*^ normal on 
gross and microscopic examination. 

4.15 

4.54 

Sacrificed on Day 49. Urea N in blood 10.8 
mgm. 9c* Organs and tissues normal on 
gross and microscopic examination. 


AJl of the monkeys receiving sulfadiazine survived the treatment periods, main- 
tained their weight, and were in excellent condition when sacrificed. Six of the 
eight animals had blood levels of 14 to 42 mgm. % free sulfadiazine and 0 to 8.3 
mgm. % conjugated drug. One of these .six monkeys (No. 12, free sulfadiazine 
in blood 26 to 35 mgm. %) had slight renal lesions, as described in the table. The 
other five monkeys were entirely normal. Two other animals (No. 30 and No. 
942) had peak blood levels of free sulfadiazine of 60 and 56 mgm. % respectively, 
with maximum conjugated drug levels of 3 and 6 mgm. %. These animals had 
more severe renal lesions than those in Monkey 12 or in the dogs receiving sul- 
fadiazine, but less severe than in several of the monkeys receiving sulfamerazine. 
The blood urea nitrogen content of Monkey 30 increased during the terminal 
phases of the experiments, but only slightly exceeded the normal levels for this 

^^OfThe eight monkeys receiving sulfamerazine, two died during treatment. No. 
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0 on tlie 13tli d\\ niul \o 20 on the 17th llip ficc snlfonamido levels in the 
blood of tlipsc inimils imped fiom 03 6 to 05 3 nnd from t05to758mgm % 
rc^pcctivelv the (onjupitid diug Icvclb from 59 5 to 112 4 and from 40 5 to 77 2 
mpm % Monktv 0 died compii iti\cl> suddenly , nccroi)s\ shov\cd a ruplincd 
left mctci appucntlv icsultmg from occlusion of the ureter with bulfamcrazim 
concictions ( I he c consisted of Imth fiee ind conjugitcd drug ) Monkey 20 
showed a more gi idual downhill com-se Roth monkejs had severe renal lesions, 
( ompai iblc to tho c seen in the rats rcceiv ing sulf idiazine and much more sev ere 
than those in the monkey b receiving this lattci sulfonamide All other organs 
and tissues were normal on both gross and mitro'scopic tvainniation 
Siv monkevs ‘survived 30 da>s treatment with sul/amcrizme Five of these 
animals had Idood levels of free sulfamcrazinc of 12 to 37 mgm % All of these 
monkevs wcio in ns good condition as vvcic those with similar blood levels of 
sulfadiazine None had lesions m the kidnej or other organs nie si\th mon 
kev (No 15) wasm adcbilit itcdconditionatthccndof thoexpenment During 
the course of lioitmcnt the blood level of frecsulfamciazinc lungcd from 13 8 to 
58 G mgm % where is that of conpigUcd drug vai ltd fiom 27 4 to 48 4 mgm % 
Tlic blood urea nitrogen content losc piogrcssi\el> and was 97 5 mgm % when 
the animal was saciificod The itiul lesions in this moiikej were more scvcic 
than anv others mcoimtercd m the entire studj (hgurc 5) Both kidncjs were 
grossU onlnigccl weighing 28 ind 20 5 grams icspeetivcli as contrasted with 
weights of 8 0 and 9 0 giams foi the kidnejs of control Monke> 17 and weights of 
10 and 11 5 grams for contiol Monl cj 3 Ihc ureters were not obstructed and 
the kidnc> pelves were free of diug Jlie collecting tubules nere cnormoush 
dilated, the distention being greatest in the pjiamid but severe in cortex and 
papilla as well Manj of tlic collecting tubules were filled with crvstalhue sul 
fonamulc others contained poljmoiphomicleai Icucocjtes and cellular debris 
In some placcb the tubular epithelium was intact hut m manj places it had 
degenciatcd Jn some sicas tubules had been rcjil iced v\itb fibrous tissue In 
some aieas of the coitex the convoluted tubules wcic maikedl> distended, where 
this occuried the rend coipusclcsapjicited compies'^ed ind avasculai, but other 
vvisenoinnl Of the other oigansonJv the spleen and hvti were abnormal The 
conditions in hvci and bplccn icfitctcd tlic piofound toxemia tint existed during 
the last 7 dajb of the ticatmcnt iicriod 

Of the eight monkeys leceiving sulfamethazine, one (No 2) died on the 14th 
dav , the lemaimiig seven suivived the cxpciiinental period The blood levels 
m Monkev 2 1 ingcdfromS7 to04 mgm %frccdiugandfiom 13 5to34mgm % 
conjugated diug 1 his animal hid abtcadj downhill course from the 9th to the 
14th d IV , being in com i during the last 36 hours The nccropsj and microscopic 
examinatu n v idded entiidi negativ e findings except in tho bmall intestine w here 
mam punctitc liemoiihagcs were found 

Of the sc\ cn monl s that sui v iv cd 30 d ij b ticatmcnt w ith sulfamcth izine, 
SIX weic m { xiollcnl conditum il (he end of thccxpcnincnf In these six animals 
the 1)1 < d IcmIs of floe siilfimoUiizinc i ing(d between 0 ind 56 mgm %, the 
levels of conjugitcd dnig langcd Ix-twecn 8 md 23 mgm % llie fceventh 
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monkey lost a significant amount of weight during the experiment and became 
increasingly inactive; in this animal the level of free sulfamethazine reached 85 




Fig. 5. Plate A: Section tlirouRli corte\ of kidney of Monkey 15, receiving sulfamera- 
zinc. Note enormous dilatation of coUccting tubules, nccumulation of polymorphonuclear 
leucocytes and normal glomeruli. 160X. Plate 13: Section through pyramid of same 
kidney, showing dilatation of collecting tubules and cclluhu reaction. IGOX. 


nigm. %. The nocrop.sy on this animal was negative. Konal lesions were absent 
in all monkeys receiving sulfamethazine. 
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Finally, attention should be called to the absence of neuropathology in all the 
chronic toxicity studies. ^Yelch (11) has pointed out that the nerve damaging 
potentialities of sulfamerazinc and sulfamethazine for the chick are no greater, 
than those of sulfadiazine. This observation is supported by the results of the 
present study and needs special mention in Adew of the tendency to regard all 
methyl sulfonamides as potential producer of nerve injury. 

COMJIENTS AND SUMMARY 

The data in the present study give a fairly clear picture of the relative toxici- 
ties of sulfamerazinc, sulfamethazine and sulfadiazine. "With respect to acute 
toxicity, there is little to choose between the drugs on the basis of lethal doses and 
associated blood levels. IVlicn administered parcntcrally (but not orally) sulfa- 
methazine was somewhat more toxic than the other drugs. Acetylsulfamctha- 
zinc was slightly less toxic, however. In the acute toxicity tests, sulfamerazinc 
and sulfamethazine killed mice more rapidly than sulfadiazine; in this respect, the 
former drugs resembled sulfathiazolc and sulfapyridinc. Sulfadiazine seems to 
be unique among the sulfonamides in producing delayed deaths. 

As judged by effects on the weight of growng and mature animals there Is no 
striking difference in the “over-all” chronic toxicity of sulfamerazinc, sulfamctha-' 
zine and sulfadiazine. These drugs had essentially the same adverse effects on 
the growth of immature rats, when comparable blood levels were maintained. 
Likesnsc they had nearly identical effects on the body weight of mature dogs and 
monkeys. Blood level for blood level, sulfamethazine appeared to have a slightly 
greater effect on the weight of the dog than sulfamerazinc and sulfadiazine. In 
view of the small number of obser\'ations, too much importance should not be 
attached to tWs ^ffcrcnce. 

There are striking differences, however, in the renal to.xicity of these sulfona- 
mides. Sulfamethazine seems to be devoid of renal toxicity, irrespective of the 
concentration of this drug in the blood. Sulfamcrazino has decidedly less renal 
toxicity than sulfadiazine. Differences in tubular reabsorption and toxicity of 
the drugs for the tubular epithelium may be partially responsible for the observed 
differences in renal toxicity. The most important factor, however, is probably 
the solubility of the drugs in acid urine, sulfamethazine, the most soluble drug, 
ha\-ing the least toxicity and sulfadiazine, the least soluble drug, having the 
most toxicity. This explanation is particularly favored by experiments (17) 
which show that when the solubility differences are eliminated by alkalinization 
of the urine, sulfadiazine has almost as low renal toxicity as sulfamethazine. 

In view of their low renal toxicity, both suUamerazine and sulfamethazine 
would appear to be useful additions to the list of sulfonamide drugs. This con- 
clusion assume.s of course that the results of clinical toxicity studies corroborate 
the above experimental findings and that the antibacterial activities of these new 
sulfonamides compai-c favorably with those of the now widely used drug«. 

CONCLUSIONS 

In so far as acute and “over-all” chronic toxicity are concerned there seems 
little to choose between sulfamerazine, sulfamethazine and sulfadiazine. How- 
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ever, in so far as solubility and renal toxicitj' are concerned (and the latter may 
be largely a function of the former) both sulfanierazine and sulfamethazine seem 
to be more desirable drugs than sulfadiazine. Admittedly other factors, such 
as antibacterial activity and ease of maintaining effective blood levels in man, 
must be considered before the place of sulfamerazine and sulfamethazine in 
sulfonamide therapj' can be determined. 

We are indebted to Elizabeth Cooper, Suzanne Weisz and Kathryn Weichert 
for technical assistance, to Mr. Joseph E. Homan, Professor of Medical Art, 
College of Medicine, Universitj’ of Cincinnati, for preparation of the photo- 
micrographs, and to Katherine Bachman for preparation of this manuscript. 
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Pharmacological studies (1) ha^c sho^m that in certain respects sulfamerazinc 
and sulfamethazine ha\c less toxicity than sulfadiazine and have suggested that 
from tins standpoint at least the fonner compounds might be more desirable 
therapeutic agents Preliminarj' clinical and experimental observations (2-15) 
have indicated that sulfamerazine and sulfamethazine possess appreciable anti- 
bacterial activity Before the place of these compounds in sulfonamide therapy 
can be determined, however, there must be a comprehensive evaluation of their 
activities against different bacterial species and a critical companson of their 
effcctiv cness with that of the better established drugs To this end, a study w as 
made of the activities of sulfamerazine nnd sulfamclhazmc against pneumococci, 
/3 hemolytic streptococci, staphylococci, Fnedlander’s bacilli, dysentcr> bacilh 
and Es^mchia colt In most instances tn tno activities were compared with 
those of sulfadiazine, tn vtlro activities ^'€rc compared with those of sulfadiazine 
and sulfathiazolc 

experimental 

In vtio activity 

Methods 

Experiments in mice The activities of sulfamerasine, sulfamethazine and sulfadiazine^ 
^^ero compared against infcclionsHithtnodifTcrcntstrainseach of pneumococci, p hemo 
lytic streptococci, staphylococci, Friedlandcr’s bacilli and dysentery bacilli * The strains 
selected were of different sulfonamide sensitivity and were chosen so that the activities of 
the compounds could be observed against both a comparatively aensititc ond a compara 
lively resistant strain The pneumococci, P hemolytic streptococci, Fnedlandcr’s bacilli 
and staphylococci had undergone repeated mouse passages Their virulence was constant 
and their response to the sulfonamides had been well established in previous expenments 
The dysentery bacilli were cultured in semi solid agar medium according to the techniques 
of Cooper and Keller (16) , the stock cultures were stored in the refrigerator 

White mice, weighing 13 to 16 grams, wer® used throughout the experiments They were 
infected mtrapentoncvlli , groups of 30 being treated with the various drugs and 20 seivmg 


• The work described m this paper was done under a contract, recommended by the Com 
mittee on Medical Research, between the Off®® of ScientiGc Research and Development and 
the Institute for Medical Research, Christ Hospital, Cincinnati, Ohio 

‘ The sulfadiazine, sulfamerazinc and BUlfamethazine used in this study were supplied 
through the generosity of Dr W A Fcirer, Sharp and Dohme, Inc , Philadelphia, Pa , and 
Dr R 0 Robhn Jr , American Cjanamid Company, Stamford, Conn 

* Wc are indebted to Dr H M Powell, Eb Lilly and Co , Indianapolis, Ind , for the 679 
strain and to Dr VV'm Vervey, Sharp and Pobme, Inc , for the Smith strain of SfapAyfococ 
cusaureus Dr McrlinCooper Childrcii’slJospitalResearchFoundation, Cincinnati, Ohio, 
kindly provided the Bennett and Chcatam slmns of dysentery bacilli 
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as untreated controls. The sulfonamides, suspended in 10% acacia, were administered by 
stomach tube in the doses and at the intervals indicated below. All mice not succumbing 
to the infection were observed for 30 days. 

Preliminary experiments were carried out with each organism to determine the dose of 
sulfadiazine and the duration of treatment required to protect 50 ± 20 per cent of the mice. 
In one series of experiments, all three drugs were administered in this same dosage. In a 
second series of experiments, the doses of sulfamerazine and sulfamethazine were adjusted 



MGM. SULFONAMIDE ADMINISTERED PER DOSE 

Fjg. 1. Concentrations of Sulfamerazine, Sulfamethazine and Sulfadiazine in 
THE Blood of Mice Receiving Various Poses op These Drugs, Administered as in 

THE Therapeutic Tests 

so that the levels of these drugs in the blood were approximately equal to those of sulfadia- 
zine. These latter doses were determined from the data presented in figure 1.’ 

’ Figure 1 was prepared from data obtained ns follows. Groups of 6 white mice (13 to 16 
grams) were treated with the indicated doses of sulfonamides according to the schedule used 
in treatment. Four hours after receiving the seventh dose, the mice were sacrificed. The 
free sulfonamide content of the blood of each animal was determined, and the results aver- 
aged for each dosage group. The resulting data have been termed the “mean” sulfonamide 
content of the blood ; perhaps a more correct designation would be the average concentration 
prevailing midway in the treatment period. 
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Pneumococcal infections The pneumococci uaed for infecting the mice xsere deri\ed from 
a 12 to 14 hour blood broth culture prepared from the heart blood of n passage mouse This 
culture was diluted senall> in beef infusion broth, one cc of a 10~* dilution ^^as used as the 
infecting dose The mice wero treated 2 8 and 14 hours after infection and every 8 hours 
thereafter for fi\e additional dajs 

p hemoli/tic streptococcal infections The organisms used for infecting the mice were pre 
pared in the same manner as the pneumococci The mice were treated 2, 8, and 14 hours 
after infoction and every 8 hours thereafter for five additional doses 

Fnfd/ander’s hact/fus infections The Fncdlandcr's bacilli used for infecting the mice 
were derived from a 12 to 14 hour blood broth culture prepared from the heart blood of a 
passage mouse This culture was diluted serially m beef infusion broth, onecc of 1/50 000 
dilution was used as the infecting dose The mice were treated at the same intervals and 
for the same period as those infected with pneumococci 

Staphylococcus aureus infections The infecting dose of staphylococci was prepared from 
a 12 to 14 hour agar slant culture which had been inoculated from a mouse passage culture 
The organisms from the agar slant were washed oif with distilled water, and diluted to a 
turbidity equivalent to 500 000 000 organisms per cc This suspension was diluted aerially 
to 10 *, the final dilution being made in freshly prepared Armour s mucm (3% concentration, 
pH7 4) The infecting dose wasO 6 cc of this 10“* dilution The mice were treated at the 
same intervals and for the same period as those infected with p hemolytic streptococci 
Mice surviving 30 days were sacrificed and the pmence of abscesses in the kidneys and 
visceral organs was noted 

Dysentery bacillus infections The infecting dose of dysentery bacilli was prepared m the 
follow log manner One cc of stock culture was transferred to beef infusion broth and ineu 
bated for 6 hours, onecc of the resulting culture wasaubcultured in broth and incubated for 
20 hours This culture w as diluted to 10~* m beef infusion broth, and from there to 10** m 
a 3^ solution of Wilson's Bocteriologicalhlucin* (freshly prepared solution, pH 7 4) 0 Sec 
of this dilution served as the infecting dose The mice w ere treated w ith sulfonamide at the 
same intervals and for the same period as those infected with P hemolytic streptococci 

Experiments in rats The relative cffcctiicness of sulfameraiine sulfametharine sulfa 
diazine, and suUathiazole against pneumococcal meningitis m the rat was also studied 
Only the McGovern strain of pneumococcus was used in these experiments l\hite rats, 
Sprague Dawleyatrain, weighing 70 to 110 grams were infected intracranially withO 1 cc of 
a 10“* dilution of a 12 to 14 hour blood broth culture prepared from the heart blood of a pas 
sage mouse The rats were anaesthetized lightly with ether The heads of the rats were 
Bwabbed with tincture of merlhiolate and the diluted culture w as injected through the fora 
men magnum occipitale 20 or 40 mgm doses of the xarious sulfonamides, suspended in 
water, were administered by stomach tube 2 and 8 hours after infection and at 8 A M and 
4 30PM thereafterforfouradditionaldays Necropsies were performed on representative 
animals that died dunng the course of the experiment spinal fluid smears and blood cultures 
being prepared and examined for pneumococci At the end of 30 day a the aurvnving animals 
were sacrificed cerebrospinal fluid was cultured and the brain was remo\ed fixed in forma 
Im and sectioned for microscopic study 

Results Expcrimenfs in mice Throughout the experiments with mice, 
both curatixe and life prolonging actmties haxe been considered m evaluating 
the efficacy of the 3 drugs 

Pneumococcal infections The results of the experiments summarized m table 
I, indicate that sulfamerazine and sulfamethazine ha\e slightly greater activity 
than sulfadiazine against pneumococcal infections in mice This x\as shoxxai m 
the experiments m w hich equal doses of the dm^ n ere administered (cf 2 5 mgm 


* Wilson’s Bacteriological Mucin was used after it was found that Armour's Concentrated 

Mucin would not enhance the infectivity of our strains of dysentery bacilli 
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dose experiments) as well as those in which equal concentrations of the drugs 
were maintained in the blood. It should be noted, however, that the differences 
in activity were comparatively small and scarcely beyond the experimental error 
of the test. Nevertheless, the fact that sulfadiazine was consistently less effec- 


TABLE 1 

Comparative effects of sulfadiazine, sulfamerazine and sulfamethazine on pneumococeal 

infections in mice 


STRAIN 

NO. OF 
ORCAN- 
ISUS IN 

DRUG* 

DOSEt 

OF 

DRUG 

AVER. 
CONC. 
OF DRUG 
IN 

BLOODt 

NO. OF 

DEATHS ON DAV 

AVER. 

HOURS 

SUR- 

SURVIVORS 

INFECT- 

ING 

POSE 

FECTED 

1 

2 

3 

4 

5 

6 

a 

O 

1 

e 

7 

OF MICE 
THAT 
DIED 

No. 

1 

Equal doses of drug 

McGovern 

540 

None 

mgnt. 

rngm. % 

20 

8 

12 

0 

0 

0 

0 

0 

0 

0 

26 

0 

0 

(type I) 


SD 

0.5 

5.8 

30 

0 

2 

10 

4 

6 

3 

4 

1 

0 

100 

0 

0 



SMD 

0.5 

7.8 

29 

0 

8 

5 

3 

7 

0 

6 

0 

0 

93 

0 

0 



SMMD 

0.5 

4.4 

30 

0 

3 

18 

1 

2 

1 

0 

0 

0 

60 

0 

0 



SD 

2.5 

19.0 

30 

0 

1 

4 

2 

4 

2 

2 

0 

0 

103 

15 

50 



SMD 

2.5 

22.0 

29 

0 

0 

0 

3 

0 

0 

3 

3 

0 

202 

20 

69 



SMMD 

2.5 

13.5 

30 

0 

I 

0 

0 

2 

2 

8 

0 

0 

148 

17 

57 

SV-1 (type 

270 

None 



19 

0 

19 

0 

0 

0 

0 

0 

0 

0 

37 

0 

0 

I) 


SD 

0.5 

5.8 

29 

0 

1 

10 

3 

3 

4 

7 

0 

0 

107 

1 

3 



SMD 

0.5 

7.8 

30 

0 

0 

7 

8 

7 

4 

3 

0 

0 

99 

1 

3 



SMMD 

0.6 

4.4 

30 

0 

4 

6 

5 

6 

3 

5 

1 

0 

107 

0 

0 



SD 

2.5 

19.0 

30 

0 

0 

1 

1 

1 

0 

7 

1 

0 

174 

19 

63 



SJID 

2.5 

22.0 

30 

0 

0 

1 

0 

0 

0 

2 

2 

0 

209 

25 

83 



SMMD. 

2.5 

13.5 

30 

0 

0 

0 

0 

1 

1 

3 

0 

0 

155 

25 

83 


Equal concentrations of drug in blood 


McGovern 

850 

None 

1 


20 

20 

0 


1 

0 

0 

0 

1 

0| 

0 

0 

22 

0 

0 

(type I) 


SD 

2.5 

19.0 

30 

0 

0 

0 

0 

0 

0 

10 

2, 

0 

203 

18 

60 


SMD 

2.5 

22.0 

30 

0 

0 

9 

0 

0 

0 

0 


0 

321 

25 

83 



SMMD 

5.0 

22.5 

30 

1 

0 

i 0' 

1] 

0 

0 

1 o' 

0 


1 

351 

, 27 ^ 

90 


* SD = sulfadiazine; SMD = sulfamerazine; SMMD = sulfamethazine, 
t These doses were administered 2, 8, 14 and 22 hours after infection and every 8 hours 
thereafter for 5 additional days. 

t These values are the concentrations of drug occurring in the blood at the time midway 
between treatments, i.e. 4 hours after dosage. 

tive than sulfamerazine and sulfamethazine does suggest that the latter are 
slightly more effective drugs against pneumococcal infections. 

/8 hemolylic streptococcal infections: The results of the experiments with p 
hemolytic streptococci have been summarized in table 2. The data show that 
there was no significant difference in the activities of the drugs against infections 


SULFAMERAZINE AND SULFAMETHAZINE 

MTth strain C203, howc\er, against strain CFl, sulfadiazine Mas slightlj but 
consistently more acti\e than sulfamethazine, which m turn was somewhat more 
acti\e than sulfamerazmc More of the mice treated with sulfadiazine recov- 
ered than of those treated with sulfamethazine or sulfaraerazine Of the mice 
that did not reco\ er, tho'jc receu mg sulfnmerizine died much ‘■ooner than those 


TxVBLC 2 

Compciratiie effects of sulfadiazine, sulfamerazine and sulfamethazine on beta hemolytic 
streptococcal m/fchons »n wjcc 
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administered in equal doses; both drugs were much more effective than sulfa- 
methazine. When equal blood levels of the 3 sulfonamides were maintained, 
sulfadiazine was considerabty more effective than sulfamerazine, which in turn 
was significantly more active than sulfamethazine. 

Staphylococcus aureus infections: The experiments with staphylococci have 
been summarized in table 4. In infections mth both the Smith and 679 strain, 


TABLE 3 

Comparative effects of sulfadiazine, sulfamerazine and sulfamethazine on infections with 
Friedlander's bacillus in mice 



NO. OF 
OBGAK* 


Dosrt 

A\'E». 

CONC. 

NO OF 

UlCE 

IN- 

FECTED 

DEATHS ON DAY 

AVTR. 

HOURS 

SUE- 

VIVOBS 

STRAIN 

15U5 IN 

DRUG* 

or 

or DRUG 










OF MICE 
THAT 
DIED 




INC Dost 


DRUG 

IN 

BLOODt 

i 

2 

3 


5 

6 

_J 


1 ! 

t 

So. 

% 


Equal doses of drug 


GH (type 

23,100 

None 

mgm. 

mgm. ^0 

20 

19 

1 

0 

0 

0 

0 

0 

0 

0 

15 

0 

0 

A) 


SD 

1.0 

9.8 

28 

0 

0 

0 

0 

1 

0 

3 

10 

1 

294 ' 

13 

46 



SMD 

1.0 

12.0 

30 

0 

0 

0 

1 

0 

0 

2 

11 

1 

313 

15 

50 



SMMD 

1.0 

7.4 

29 

1 

0 

3 

15 

4 

2 

3 

1 

0 

103 

0 

0 

E (type B) 

20,300 

None 



20 

20 

0 

0 

0 

0 

0 

0 

0 

0 

1C 

0 

0 



SD 

0.5 

5.8 

30 

0 

I 

0 

0 

0 

0 

12 

7 

0 

241 

10 

33 



SMD 

0.5 

7.8 

30 

0 

1 

0 

0 

0 

0 

12 

6 

1 

245 

11 

36 



SMMD 

0.5 

4.4 

30 

0 

0 

0 

0 

0 

2 

19 

0 

0 

181 

9 

30 


Equal concentrations of drug in blood 


GH (type 

18,100 

None ! 



i 20 

20 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

A) 


SD 

0.5 

5.8 

30 

3 

0 

0 

0 


0 

8 

3 

0, 

174 

16 

53 



SMD 

0.5 

7.8 

30 

5 

2 

1 

0 

0 

0 

9 

5 

0 

157 

8 

27 



SMMD 

1.0 

7.4 

30 

1 

1 

21 

4 

2 

1 

0 

0 

0 

69 

0 

0 

E (type B) 

18,400 

None 


1 1 

20 

20 

0 

0 

0 

0 

0 

0 

0 

0 

12 

0 

0 



SD 

0.5 

5.8 

30 

4 

0 

0 

o: 

1 

0 

9 

3 

0 

168 

13 

43 



SMD 

0.5 

7.8 

30 

5 

1 

0 

0| 

0 

0 

13 

2 

0 

158 

9 

30 



SMMD 

1.0 

7.4 

30 


0 

0 



0 

21 

1 

0 

196 

7 

23 


• SD = sulfadiazine; SMD = sulfamerazine; SMMD = sulfamethazine, 
t These doses were administered 2, 8, 14 and 22 liours after infection and every 8 hours 
thereafter for five additional days. 

t These values are the concentrations of drug occurring in the blood at the time midway 
between treatments, i.e., 4 hours after dosage. 

sulfadiazine proved to be somewhat more effective than sulfamerazine or sulfa- 
methazine. This was true when equal doses of the drugs were administered as 
well as when equal concentrations were maintained in the blood. There was no 
difference in the activity of equal doses of sulfamerazine and sulfamethazine, but 
when equal blood levels of these compounds were maintained, sulfamethazine 
was somewhat more active than sulfamerazine. 
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uniformly more effecUve than sulfamcrazine or sulfamctliazinc. Dose for clo.sc, 
sulfamerazine was slightly more active than sulfamethazine. However, when 
these two drugs were compared on the basis of equal blood levels, sulfamethazine 
was distinctly more active than sulfamerazine. 

/ 

TABLE 5 


Coinparalivc effects of sulfadiazine, sulfamerazine and sulfamethazine on infeetions with 

dijsenlcTtj bacilli in mice 
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* SD = sulfadiazine; SMD = sulfamerazine; SMMP = sulfamotliazino. 

t Tlic.se do.ses of drug were administered 2, 8, 14 and 22 lioiirs after infection and every 
8 hours tliercaftor for four additional doses. 

J Tliesn values are the concentrations of drug in the blood at the time midway between 
treatments, i.c., 4 hours after dosage, 

§ These value.s are estimates taken from the graphs shown in figure 1, since the methods 
used for determining the concentrations of drug in the blood are not sensitive enough to 
determine such small amounts accurately. 

Pneumococcal incningitis in rats. The activities of sulfathiazole, sulfadiazine, 
sulfamerazine, and .sulfamelhazinc against pneumococcal meningitis in rats are 
summarized in fable G. Atx-ording to the tuimher.s of raf.s surviving when cither 
2(1 or dO mcm. do.ses of the.“e dings were administered, sulfamerazine seemed In 
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mgm do‘' igo, sulfadiazine and sulfnmoth mno \\crc somcuhat less cfTcctne tlnn 
Bulfamerazmo On the *10 mgm do'^age, howc\er, sulfamethazine uas definitely 
more cfTeclivc tlnn sulfadiazine and was c‘«scnti dlj as actia e as sulfamerazmc 
As shown m the table, m mj of the rats that snr\ ivcd on treatment with the 
\ anoiis dings had lesidual sj mptoms of meningeal infection These symptoms 
consisted of inability to coordinate moa.cmcnts, neck rigiditj and h\pcnrnta 
bilitj It IS interesting to note that comparati\ elj few of the rats treated with 
sulfatluazole showed the'=c icsidual symptoms, and furthermore that the numbers 
of complctcK iccoacrcd rats (i c , the number of surMVors less the number with 

TABLE 6 


Cojnparofjic ejfccls nf itulfalhta ole, avlfadtazine, axtl/ameraune and gulfameihaztne on 
pnrnmoeoecal mentngtlii in rofi* 
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In tniro adivily 

Methods. 

The in vitro activities of sulfamerazine and Bulfamethazine were compared with those of 
sulfadiazine and sulfathiazole against pneumococci, staphylococci, Friedlander’s bacilli, 
dysentery bacilli and E. coli. All strains used in the in vivo experiments were tested in vitro. 
In addition 3 other strains of pneumococci and 2 strains of E. coli were studied. 

Basal media: Since there are indications that the composition of the test medium affects 
both the absolute and relative in vitro activities of different sulfonamides (17-19), the tests 
in this study have been carried out in both a simple and a complex medium whenever pos- 
sible. The following basal media were used: (a) BeeJ heart broth. This was an infusion 
broth (prepared from Difco dehydrated beef heart) to which was added 2% neopeptone and 
0.5% sodium chloride. The pH of this medium was 7.8. The medium was used without 
enrichment in the tests with staphylococci, Friedlander's bacilli, dysentery bacilli and E. coli. 
In the experiments with pneumococci it was necessary to enrich the medium with 2% defibri- 
nated rabbit blood in order to obtain consistent growth, (b) Synthetic medium— This was 
the medium described by Sahyun and coworkers (20) enriched with 0.1% casein hydrolysate 
(Smaco Vitamin Free). This medium was used in experiments with Friedlander’s bacilli, 
dysentery bacilli and E. coli. 

Preparation of sulfonamide-containing media: Concentrated solutions of the various 
sulfonamides were prepared in the basal media, diluted and tubed in 9 cc. quantities. After 
all constituents, including inoculum and enrichment, were added, the sulfonamide concen- 
trations in the beef heart medium were 0, 0 3, 0.6, 1 .25. 2.5, 5, 10, 20, 40, 80 and 160 mgm. %. 
The final concentrations in the synthetic medium were 0, 0.02, 0.04, 0.08, 0.16, 0.3, 0.6, 1.25, 
2.S and 5.0 mgm. %. 

Test procedure: The pneumococci, staphylococci and Friedlander’s bacilli were obtained 
from a mouse passage culture. The dysentery bacilli and E. coli were obtained from stock 
cultures. These organisms were suboultured twice in the medium in which the test was to 
be performed; each subculture was incubated 12 hours. The second subculture was diluted 
serially in the appropriate basal medium and 1 cc. quantities of a 10'* dilution were added to 
each of a series of tubes containing the various concentrations of the respective sulfona- 
mides; this gave an inoculum of from 150 to 600 organisms per cc. The resulting cultures 
were incubated at 37.6° for 48 hours and visual estimations of growth were made at the end 
of 12, 24 and 48 hours incubation In tlie tests with the synthetic and plain beef heart 
media, turbidity was used as the criterion of growth. In the tests with beef heart medium 
enriched with blood, both turbidity and the change in color of the red cell sediment were 
noted. Only results obtained after 24 hours incubation are recorded below; these observa- 
tions did not differ significantly from those at 48 hours. 

At least one duplicate test of activity, and in most instances two were carried out with 
each organism. The data presented in tables 7 and 8 are representative of all tests. 

Results. Pneumococci: The data in table 7 show that sulfamethazine was 
slightly more effective than sulfamerazine in inhibiting the in vitro growth of 
pneumococci; sulfamerazine in turn was just slightly more effective than sulfadi- 
azine. Sulfathiazole was considerably more active than any of the three diazines. 
The differences in activity of sulfamethazine, sulfamerazine and sulfadiazine 
were not great, nor were they evident with all the strains of pneumococci. The 
differences did occur regularly in repeat tests with certain strains, however; this 
would seem to justify the conclusion lhat against some pneumococci, sulfameth- 
azine and sulfamerazine have slightly greater activity than sulfadiazine. 

Staphylococci: As .shown in table 8, sulfamethazine was somewhat more effec- 
tive thafi either sulfamerazine or sulfadiazine in inhibiting the growth of staphy- 
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lococci Against one of the tn o strains (Smith), the nctmt> of sulfamethazine 
nas equal to that of eulfnthiazolo. against the other strain (079) sulfamethazine 
ivas less effective The actinty of sulfaraerazinc was identical with that of 
suUadiazmc 

TABLE 7 

0/ jHl/oJhiQ’off, aiil/aiLozine, 8nf/amera2mf uni 9 ulf<ttnetha'tne against 
pneumococct tn tttro 



• ST *» sulfuUiiazolc, SD »• aulfndinimc SMI> *• stiUnmcrazme, SMMD ■« su! 
mcthazine 

TABLE 8 

AcIuUtes of iulfathia^ole sulfadta tnt $ulfamcra,ine anl suJfatnelha'tne against 
Friedlandcr's baeiUi,slaphylococct dysentery laciUt and F colt, i« vtiro 


T*j\ tfi ttti mrd »■ 


Tetl In lynthttWintd 


0 OS Q W 0 OS 0 32 
0 1C 0 IQ 0 IG 0 10 


Fri<fJiander 8 bacdlus 

GII— Type A 40 160 ICO ICO 0 OS Q W 0 OS 0 32 

E— Type B 20 80 80 80 0 IG 0 10 0 10 0 10 

Staphylococcus aureus 

#670 10 SO 80 40 

Smith 10 40 40 10 

D} sentery baciUus 

Bennett 10 40 40 40 0 02 0 01 0 01 0 16 

Chcatam 20 80 80 80 0 03 0 IG 0 10 0 32 

E coll 

80 160 160 ICO 0 OS 0 OS 0 03 0 32 

MacLeod 40 j 160 160 100 0 16 0 IG 0 IG 0 04 

• ST = suUathiazole bD = aulfadiazine. SMD *= Bulfnmerazme SMMD =» sulfa 
melbazme 

Vnedlandcr’s 6aci£Ii The activities of sulfamerazine, sulfamctlnzine and sulfa- 
dnzme against strain E were essentially identical, both in the simple and complex 
media In the complex medium these sulfonamides w ere less cfFcctix e than sulfa- 
thiazole, but m the synthetic medium tbc> were cqualJ) actite In the tests 
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ivith strain GH in the simple medium, sulfamethazine was distinctly less effective 
than the other drugs; sulfamerazine and sulfathiazole were slightly less active 
than sulfadiazine. Since strain GH grew in the beef heart medium in the highest 
available concentrations of sulfamerazine, sulfamethazine or sulfadiazine, the 
tests in this medium were inconclusive, except for shomng that sulfathiazole was 
more active than any of the diazines. 

Dysentery bacilli: In the tests in beef heart medium, sulfamerazine, sulfa- 
methazine and sulfadiazine had essentiallj' the same activity, each drug being 
approximately one-fourth as active as sulfathiazole. In the tests in S 3 mthetic 
medium, however, sulfamethazine had less activitj' than sulfamerazine and 
sulfadiazine, which were about equally active; sulfathiazole was the most active 
of the 4 drugs. 


TABLE 9 


Summary of in vivo aclivily of sulfamerazine and sulfamethazine as compared with sulfadiazine 


OtlGANISU 

STRAIN 

RELATIVE ACTIVITY OF DRUGS* 

On equal doses 

On equal blood levcU 

Pneumococcus 

McGovern 

SMD > SMMD > SD 

SMMD = SMD > SD 


SV-1 

SMD > SMMD > Sp 


/3 hemolytic 

C203 

SD = SMMD = SMD 

SD = SMMD = SMD 

streptococcus 

CFl 

SD > SMMD > SMD 

SD > SMMD > SMD 

Friedlander’s 

GII 

SD = S.MD > SM^^D 

SD > SMD > SMMD 

bacillus 

E 

SD = SMD = SMMD 

SD = SMD = SMMD 

Staphylococcus 

679 

SD > SMD = SMMD 

SD > SMMD > SMD 

aureus 

Smith 

SD > SMD = SMMD 

SD > SMMD > SMD 

Dysentery bacil- 

' Bennett 

SD > SMD > SMMD 

SD > SMMD > SMD 

lus 

Cheatam 

SD > SMD > SMMD 

SD > SMMD > SMD 


* SD = sulfadiazine; SMD = suif.anierazine; SMMD = sulfamethazine. 


E. coli: In the beef heart medium, the tests on the activity of the diazines 
against E. coli gave inconclusive results, growth occurring in the topmost con- 
centrations available; these tests merely showed that sulfathiazole had greater 
activity than the other drugs. In the sjmthetic medium, however, sulfa- 
methazine was again only one-fourth as active as sulfamerazine and sulfadiazine. 
These latter drugs were as effective as sulfathiazole. 

Discussion. The essential features of the in vivo study on the relative 
chemotherapeutic activities of .sulfamerazine, sulfamethazine, and sulfadiazine, 
have been summarized in table 0. Particular attention should be paid to the 
differences in the effectiveness of the 3 sulfonamides when equal concentrations 
were present in the blood. The.se data, which give a better indication of com- 
parative activity than the equal dose results, permit tvo conclusions. Fiist, 
the relative chemotherapeutic activities of sulfamerazine, sulfamethazine, and 
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sulfadiazine depend to a largo extent on the species of baetena used as the 
infecting agent Sccondlj, sulfadiazine, although not in e\erj case the most 
effects e compound, has somewhat broader actiMtj than the other drugs 

In infections wnth pneumococci, both in the mouse and in the rat, sulfamerazine 
and sulfamethazine were slighth but defimteU superior to sulfadiazine How- 
e\er, against infections with /S hemoljtic streptococci and Fncdlander’s bacilli, 
the 3 diiigs were either equally actuc or sulfadiazine was the most efTectne 
\gamsl infections with staphjlococci and djsentor^ bacilli, tjulfadiazine was 
clearlj the most actiac of the 3 drugs 

riie den\ativcs, sulfamerazine and sulfamethazine, liad neail> identical 
aclnitj against infections with pneumococci In Fricdlander’s bacillus mfee 
tions, sulfameiazine was slight)} more cffcctnc than sulfamethazine However, 
sulfamethazine was consistent!} more clTectivc than sulfamerazine in infections 
with /3 hemol} tic streptococci, staph} lococci, and d} sentcry bacilli It is note 
v\orth} that m pneumococcal and rriedUnder a bacillus infections, which lequire 
long tcim treatment, sulfamerazine was as elToctivc as or even more effective 
tlian sulfamethazine However, m infections roipnnng shorter term treatment, 
1 C those witli hemol} tic streptococci, staphv lococci, and d}scnter} bacilli, 
sulfamethazine was the more active drug In this connection, it should be 
pointed out that tlic absorption and excretion tharactcnstics of the two drugs 
df/Ter considcrabl} (1, 21, 22) Although m the above experiments the mean 
levels of the^c sulfonamide's wore essential!} the same, tlic peak levels of sulfa 
methazino were greater th in those of sulfamerazine, wlicrtas the low levels of the 
lattci drug vveio higher than those of sulfnmi thazmc The sustained levels of 
sulfamerazine ma} account for the gieatcr cfTcctuencss of this drug against 
infections requiring extended treatment, whereas tlie high peak levels of sulfa 
metlnzine may explain its effectiveness in infections reiiuinng only short term 
treatment 

Assuming that the experimental data mav give an indication of the climcal 
effectiveness of the'ie drugs, the question ma} be raised as to which of the com 
pounds IS the most desirable sulfonamide Since sulfamerazine and sulfa 
methazine are not as efTcctive against os wide a vanet} of organisms as is sulfadi 
azine, the latter compound may seem to be the superior drug This assumes that 
the selection of a sulfonamide is based chicfl} on its chemotherapeutic actmt} 
Such IS the case when dealing with compounds of widely differing activities It 
should be pointed out, how ever, that the drugs used in this study all possessed 
comparatively high chemotherapeutic activity Even though there were dif 
ferences m their activities, these were small as compaied with differences existing 
among other commonly used sulfonamides 

In \aew of the fact that all three drugs posse'^sed considerable therapeutic 
nctivit}, other factors ma} be considered m deciding their suitabilit} for clinical 
use The case of maintaining therapeuticall} effective blood levels and the 
toxicity of the sulfonamide foi the host arc also important factors Previous 
studies (1, 21, 22) have shown that sulfamerazine is supciior to sulfadiazine both 
in respect to the ease of maintaining effecliv e blood lev els and m respect to renal 
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toxicity. Sulfamethazine has considerably less renal toxicity than either eulfa- 
merazine or sulfadiazine (1) but is absorbed and excreted so rapidly as to make 
it difficult to maintain effective blood levels (1, 21, 22). Considering all these 
characteristics there would seem to be little choice between sulfamerazine, 
sulfamethazine and sulfadiazine. In individual cases where there is need for 
a particular property, one of these drugs may be better than the others. Thus 
if used in a patient with proved renal dj'sfunction, sulfamethazine with its low 
renal toxicity might be the drug of choice. If conditions made necessary com- 
paratively infrequent medication and yet required well sustained blood levels, 
sulfamerazine would be the more desirable drug. In very severe infections, 
where use of the most active drug would be imperative, sulfadiazine, in most 
instances, would be the drug of choice. 

The results of the in vitro tests permit few conclusions and have not been 
considered in the above evaluation. AVith the exception of the experiments with 
pneumococci, the data are not in accord with those obtained in vivo. Such dis- 
crepancies have been noted frequently in the past (19, 23-25). They most 
likely arise from the fact that the mouse presents a different environment to the 
organism than an artificial medium. Since the relative and absolute activities 
of the sulfonamides depend on the compo.sition of the medium, it is not surprising 
that results of in vivo and in vitro tests should differ. 

Another observation made in this study deserves mention, even though it does 
not bear on the relative activities of the 3 sulfonamides. The absolute amounts 
of any of these drugs required to protect 50% of the mice varied enormously with 
different infecting agents. With sulfadiazine for example, much larger doses 
were required to protect mice against pneumococci and Friedlander’s bacilli 
than were required in infections with /S hemolytic streptococci, staphylococci and 
dysentery bacilli. These findings might suggest that 'there are also differences 
in the amounts of sulfonamide needed for treatment of various human infections. 
Clinical investigation of this point might lead to lower dosage against certain 
infections and coincidentally reduce the numbers of toxic reactions associated 
with sulfonamide therapy. 


SUMMARY 

The comparative activities of sulfamerazine, sulfamethazine, and sulfadiazine 
against experimental infections with pneumococci, /J hemolytic streptococci, 
Friedlander’s bacilli, staphylococci and dysentery bacilli have been determined. 
The results have shown that sulfamerazine and sulfamethazine are slightly 
superior to sulfadiazine in the treatment of pneumococcal septicemia in mice and 
meningitis in rats. Sulfadiazine was as effective as or slightly more effective 
than the other drugs against infections with p hemolytic streptococci and Fried- 
lander’s bacilli and was distinctly .superior against infections with staphylococci 
and dysenterj' bacilli. The bearing of these observations on the clinical me of 
the 3 drugs has been discussed. 

In vVro experiments have also been carried out to determine the capacities of 
sulfamerazine, sulfamethazine and sulfadiazine to inhibit the growth of pneu- 
mococci, Friedlander’s bacilli, staphylococci, dysentery bacilli and E. coli. As 
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as noted previously, the relati\ e acti\ ities of the di ugs depended upon the test 
medium In the complex medium, sulfamcmzinc and sulfamethazine w ere aome- 
w hat more actn e than sulfadiazine against pneumococci, u liereas sulfamctlnzinc 
nas the most active drug against staphylococci, the 3 drugs had essentially the 
same actmtj against the other organisms In the synthetic medium, sulfa- 
merazine and sulfadiazine Mere equallj actne against Friedlander’s bacilli, F 
colt and dysenters bacilli and m ere considerablj more acti\ e than sulfamethazine 
These results did not agree nith the tn vtio findings An explanation for the 
di'^crepancj has been attempted 


RLFERDNCCS 

(1) Schmidt, L H , JI B llnonrs, E A Badqpr and I G Schmidt, Tins Jocbnal, 81, 

17, 1944 

(2) Roblin, R 0,Jr,J H Williams, P S Winner and J P English, J Amer Chem 

Soc , 62 2002, 1940 

(3) Caldwell, W T,E C Korn ffld and C K Donnell, J Amer Chem Soc , 63 

21SS, 1941 

(4) Sprague, J M , T, \\ Kissinofr and R M Lincoln, J Amer Chem Soc, 63 3028, 

1941 

(5) Fellows, E J , Proc Fxper Biol and Med . 48 680,1911 

(6) Roblin, R 0 , Jii , P S WinnfnandJ P Encush, J Amer Chem Soc , 64 607, 

1042 

(7) Marshall, E K , Jr , J T IiTciinrLD, H J Wiiiif, A C UitArrov and K G 

Shepiibro, This Journal, 76 220, 1942 

(8) Rose, F L,A R Martin and H G L Bevan, Tins Journal, 77 127, 1013 

(9) Ffinstonf, W H,R II FollisandR D ^VlLUAMs Unpiiblislicd observations 

(10) Macartney, D W,G S Smith, R W Iuxton, W A Ramsay and J Goidman, 

Lancet, I 039, 1942 

(11) OrPTER, W I,S B Rose, A 11 DommandII I FurriN, Amer J Med &ci,206 

211, 1943 

(12) Flippin,H F,W I Gefter, A II DomuandJ H Clark, Amer J Med Sci,206 

216 1913 

(13) Hall, W H , and W W Spink, J A M A , 123 125, 1913 

(14) Lvpper, M H,L K Sweet and H V Dowung, J A M A , 123 13-1,1913 

(15) IIaoeuan, P 0 ,C G Harford, S S SobinanoR E Ahrens, J A M A ,123 325, 

1943 

(16) Cooper, M , and H M Keller, Personal communication 

(17) White H J , J T Litchfield, Jr , and E K Marshall, Jr , Tins Journal, 73* 

KM, 1941 

(18) Strauss, L , and M Finland, Proc Soc Exper Biol and Med 47 42S, 1941 

(19) Seslfb C L , and L H Schmidt, This Journal 79 117,1943 

(20) Sauydn, M , P Beard, E W Schultz, J Snow and T Cross, J Infect Dis , 68 

28, 1936 

(21) Goodwin, R A , Jr , O L Peterson and M Finland, Proc Soc Exper Biol and 

Med , 61 262, 1942 

(22) Wflch, a D , P a Mattis, A R Latven, W M Benson and E H Shiels, This 

JounNAT,77 357,1943 

(23) Schmidt L II , C Hilles, II A DEmviLERAND E Starks, J Infect Di8,67‘J32, 

1910 

(24) White II J, A C Bratton, J T IiTcnnrLD, Jr and F K Marshall, Jr , This 

JOURNAI 72 112, 1911 

(25) Schmidt L H , J M Ruresrrorn C L Sesllr and M Hamburglr, Jr , Tins 

Journal, 73 46S, 1941 



THE EFFECTS OP SULFANILAMIDE AND AZIDE ON OXYGEN ' 
CONSUMPTION AND CELL DIVISION IN THE EGG 
OF THE SEA URCHIN, ARBACIA PUNCTULATA 

KENNETH C. FISHER, R. J. HENRY and E. LOW 
Marine Biological Lahoralory, Woods Hole, Mass. 

Received for publication January 4, 1944 

Introduction. E.xperiments with narcotics have led to the conclusion that 
the chain of respiratoiy reactions upon which cell division depends in yeast 
(Fisher and Stem, ’42), the sea urchin egg (Fisher and Henry, ’44) and a ciliate 
(Ormsbee and Fisher, ’44) is responsible for only a fraction of the total oxygen 
consumption of these cells. This conclusion is of interest in connection with the 
chemotherapeutic propertie.s of the sulfonamide drugs for, in the first instance, 
these substances act to slow or stop cell division. If, indeed, growth does depend 
upon a specific system of respiratory reactions, the “activity” system, then it is 
evident that the action of the abiotics may be exerted on that system (Fisher, 
’42). The testing of this possibility involves the technical difficulties common to 
investigations on the mechanism of sulfonamide effects on one hand and to all 
research on growing cells on the other, difficulties which have not always been 
properly appreciated (Henry, ’44). It is necessary, for example, to conduct 
the experiments in such a way that the effects of the composition of the medium 
are, taken into account; and where rates of reactions are involved, the amount of 
living material present upon which must rest any statement of rates, either must 
not change or else the nature and magnitude of the change must be known. 
There are several approaches to the general problem which minimize or com- 
pletely remove these difficulties. One of the most obrious involves the use 
of cells which are relatively independent of the external environment. It has 
long been appreciated that the egg of the sea urchin is such a cell and it has 
already been reported that sulfanilamide inhibits cell division in it (Thomas, 
’41). Our investigation of the mechanism of the action of the sulfonamides 
has therefore begun with a number of observations on these cells. The data 
reported herewith show the effects of sulfanilamide, azide, urethane and combina- 
tions of these inhibitors on both cell division and oxygen consumption. Thej^ 
lead to the conclusion that when cell division is stopped by a sulfonamide the 
activity system is also inhibited completely. 

Material and methods. Fertilized (dividing) and unfertilized (resting) eggs of the 
sea urchin Arbacia punclulata were used in this investigation. The methods employed in 
obtaining the eggs, and in determining the rate of oxygen consumption and of cell division 
have already been described (5). In the respir-ation experiments the various inhibiting 
agents were in every case added directly to the eggs at the time the respirometer vessels 
were filled. As in the preceding research (5) the foinperatiire was m.'iint.ained at 25''C. 

Results. Sulfanilamide on tlie fertilized egg. In fifteen e.xperiraents the 
effects of various concentrations of sulfanilamide on the oxygen consumption 
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of fertihred eggs anas determined These data together \\ith the results of 
ten experiments on the rate of cell dixtsion are gi\en m figure 1 Sulfanil- 
amide slous the rate of dmsion and this inhibition is accompanied bj a de 
pression of the rate of oxjgen consumption Complete suppression of cell dni- 
sion IS associated uith a reduction of the respiratory rate to appioximately 55% 
of the normal ^alue The limited solubilitx of sulfanilamide m sea water pre 
\ented tlie use of solutions more concentrated than 0 04M The relation 
between concentration and effect is, conscquentl>) not defined completely 



Fig 1 TuE Rate or Oxygen Consumption (Chosses) and Rate of Celu Division 
(Circles) in the Sea UnemN Ego at Different Concentrations op 
Sulfanilamide (SA) 

On the average each point for respimtion ib the mean of 6 separate determinations w hile 
•or cell division each is the mean of 4 determinations 

enough to warrant the type of analjsis used for narcotics (5) The effect of 
004M sulfanilamide on cell division was found to be completely reversible 
Expenments on cell diMSion were also made using sulfapyndine, sulfathiazole 
and sulfadiazine Though all thiec inhibited, it was not possible to bring about 
a complete bloch of division with cither of the first two substances mentioned 
because of their low solubility Sulfadiazine lowered the pH of the sea water and 
it IS very probable that a largo pai t of its effect was due to the pH change rather 
than to sulfadiazine itself When combinations of sulfanilamide, sulfapjTidine, 
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and sulfathiazole were used, a partial summation of their independent effects 
was observed. 

As indicated in experiments on cell division p-amino benzoic acid in concentra- 
tions ranging from 1 X IQ-’M to 2.6 X 30"^ did not exhibit any anti-sulfona- 
mide effect. ' 

Sulfanilamide and azide on the unfertilized egg. Five experiments were made 
to test the effect of sulfanilamide on the consumption of oxygen by the resting 
cells. The most concentrated solution used, 0.04M, removed only 5-10% of the 
, oxygen consumption. Less concentrated solutions not only did not inhibit but, 
on the contrary, produced a slight (10-15%) acceleration of the respiration. 

In six separate e.xperiments the effects of five different concentrations of sodium 
azide were determined. Expressed as a per cent of the rate observed in the 
absence of inhibitor the average respiration in each of the following molar con- 
centrations of azide, .003, .0045, .007, .01, and .02, was found to be 92, 98, 87, 
96 and 97, respectively. It Avill be noted that the slight inhibition which is 
suggested here does- not vary consistently with the inhibitor concentration. 
Actually, the degree of inhibition is so slight as to approach the limit of repro- 
ducibility of the technique. It is concluded, therefore, that at least in this range 
of concentrations azide has no effect on the oxygen consumption of the unfer- 
tilized egg. 

Krahl, Keltch, Neubeck and Clowes (’41) have recorded observations which 
show that azide produces a maximal inhibition of oxygen consumption in the 
fertilized egg amounting to approximately 60%. The concentration of azide 
necessary to stop cell division completely, approximately .OlM, just produces 
the maximum inhibition of respiration. We have confirmed these observations. 

Thus both azide and sulfanilamide, though inhibiting cell division and oxygen 
consumption in the fertilized egg, have little or no inhibiting effect in the un- 
fertilized egg. It is difficult to escape the conclusion that fertilization introduces 
a respiratory system upon which cell division depends and which is responsible 
for 40-50% of the oxygen consumption of the fertilized egg (however c.f. Ball, 
’42). This system differs from the one which operates in the unfertilized egg, 
and which is presumably responsible for the remaining 60% of the respiration of 
the fertilized egg, by being sensitive to both azide and sulfanilamide. Such a 
conclusion is logical moreover, for the fertilized egg divides while the unfertilized 
egg does not, indicating that there are certainly some reactions in the fertilized 
which are not functional in the unfertilized egg. 

Sulfanilamide in the presence of azide. It is e-vddent that, if the respiration 
inhibited by sulfanilamide and azide is mediated by the same system of reactions, 
then, when a maximum inhibition by azide exists, there should be no further 
inhibition produced upon the addition of the sulfonamide. Table 1 shows the 
gradual increase of inhibition as the sulfanilamide concentration rises and that 
the maximum inhibition by azide is probably reached at a concentration of 
.009M. The addition of sulfanilamide to a preparation maximally inhibited 
mth azide does not result in any appreciable increase in inhibition. It %vill 
be recalled that the maximum effect of azide is to reduce the respiration to ap- 
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proxiinatcly 50% of the norxfial, and that a similar inhibition is produced by the 
highest concentration of sulfanilamide empio} cd in table 1 The'^c obseri ations 
along wTth the combination experiment just described make it e\ ident that the 
two inhibitors do remove the same respiration 
The effect of urethane on the fertilized egg in the presence of azide It is simplest 
to conclude from the experiments recorded above that at fertilization a senes of 
chemical changes is initiated upon which cell division depends and which con 
stitute approximatel> half of the normal respiration of the diiiding cells This 
conclusion is now independently indicated bj (1) experiments with narcotic^, 
(2) experiments with azide and (3) experiments with sulfanilamide The data 
from (2) and (3) ha\c been chocked ogainst one another using combinations of 
azide and sulfanilamide A similar check mvohing the narcotic experiments is 
possible and has been made It is somewhat more complicated because narcotics 
inhibit the b^sal sjstcm which is apparently common to both fertilized and 
unfertilized eggs os well as the activitj system of reactions which is a unique 
charactcnstic of the fertilized egg It now seems likely however that azide 

TABLE 1 


The relative rate of oxygen consumption byfcTttltzedseavrehneggs in different concentrations 
of sulfanilamide or azide and tn eomfrincUonJ of these 
The values are the average of three identical experiments 
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009M 
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0 

100 

C3 

56 

65 

0176M 
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42 


025M 

04 


48 


0375M 

43 


H 



inhibits only the activitj system Wth the maximum azide effect estabh<?hed 
then onlj the basal sjstem should remain for inhibition by narcotics It fol 
lows that the additional inhibition produced by urethane m the presence of 
OIM azide should exlubit the quantitative characteristics of the inhibition of 
the basal system or of the unfertilized eggs The av ernge data from six separate 
experiments, m which the inhibition b> urethane of the azide stable oxjgen 
consumption of the feitilizcd egg was examined are given m figure 2A The 
respiration at difTerent concentrations of urethane is expressed as a per cent of 
the value obseivcd m OIM azide alone The smooth curve is a good representa 
tion of all the points except the one at the highest concentration, i e , 0 9M The 
latter point was disregarded since concentrations of that order produce ir 
rev ersible damage relatively rapidly (5) impl 3 ang that they exert a general harm 
ful effect which is quite apart from the more specific reversible narcotic action 
seen with the lower concentrations These data, as is indicated by the curve, 
suggest that the maximum effect of urethane is to lowci the rate of respiration 
to 51% of the v line in azido alone In other words 54% of the azide stable 
respiration is also urethane stable 
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Granting the estimation of the iirethane-stable fraction and taking it info 
account, the data have ,been replotted in hgure 2B on the double log axes most 
conveniently used to test the application of the law of mass action. The ob- 
servations clearly conform now to-a single straight line. In the presence of 
.OIM azide then, it appears that the action of urethane may be exerted at only 
a single site in the cell and that it ma3' be described by an expression of the mass 
law. When urethane is employed on the fertilized egg in the absence of azide, 
the evidence (5) points towards two sites for its action. 



Fig. 2. The Kate or Oxygen Consumption by the Fertilized Egg in ,01M Azide as 
A Function of the Urethane Concentrations 

Each point is on the average the mean of 5 determinations. In A (dots) the observed 
respiration in .01 M azide is plotted as a function of the logarithm of the urethane concen- 
tration. In B (crosses) the same data have been plotted to test the possibility of describing 
the effect of urethane in terms of the mass law. U is the number obtained by subtracting 
54 (the urethane-stable %) from the respiration observed in azide plus urethane expressed 
as a % of the respiration in azide alone. I is the difference between the respiration in azide 
alone and the respiration observed in azide plus urethane, expressed as a % of the respira- 
tion in azide alone. 

It may be argued that in the presence of azide the affinities of the two sites 
become similar so that even though two are present the combination results in 
a single line on the mass law plot. The alternative conclusion is that azide has 
removed one of the two sites normally present. The slope of the line in figure 
2B giving the value of a in the expression of the mass law which describes the 
lino, is 3.1. For comparison the equivalent data for the effect of urethane in 
the absence of azide, as determined in the previous research, are given in table 2. 
It is at once evident that the values for the fertilized egg in the presence of azide, 
for the unfertilized egg, and for the basal system of tiie fertilized egg, are all 
very similar. In all probability the same system of re.spiratory reactions is 
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being inhibited in nil of thcbc ca'ics The conclusion th it tlic maximum effect 
of azide results in the complete rcmo\al of the acti\it> system is ine\itable 
Azide brings about approximately a 50% inhibition of the oxj gen consumption 
of the fertilized egg Fifty five pci cent of the azido st ible respiration is al^o 
urethane stable so that of the total oxjgen consumption of the fertilized egg 
some 27 5% js urethane stable This fact uas not appreciated from the data 
obtained in the absence of azide Refcicncc to those data (5) howtxei indicates 
that at the highest concentiation of urethane the calculated line actiiallj \iould 

TABLE 2 


Co}nj)aTtson of the talues of a for urclhane 



Fio 3 
Bumption 0 
preecnt aiu 
approvinial 
indicated L 

nzide and sulfandimidc rcspoctixelj 

be a better repre'ientatioii of the observations if 25% of the total respiration 
Mere considered to be urethane stable There is tlien no dLSCicpancj between 
the two sets of expeiiments — tlic appaient diffeience aiising from the greater 
sensitivity of the appioach in the new observations 
It IS appropriate at this point to summarize those metabolic changes in the 
sea urohm egg upon fertilization which are iccoulcd lieie and m llic picvious 
pipei ihi-^ IS done in the following diagiam (figiuc 3), in tlic pieparalion of 
which it was concluded fiom Ivorr’s ( 37) work that tlie iclatue latcs of oxjgen 
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consumption in the fertilized and unfertilized eggs are respectively 100 and 25. 
The quantities shown in this schema arc relative and, of course, approximate, 
but it would appear that the oxygen consumption contributed by the basal 
system is scarcely changed by fertilization (from 20 to 25). However, in ad- 
dition to starting the activity system, the initiation of development by fertiliza- 
tion markedly increases the urethane insensitive re.spiration (from 5 to 25). 

It is clear that the principal observations recorded in the present paper are 
most easily satisfied by the conclusion drawn from the original work with nar- 
cotics, namely that at fertilization there is initiated a series of respiratorj'^ reac- 
tions, the activity system, upon which division depends. The activity system 
accompanies in the fertilized egg a second chain of reactions, the basal system, 
which appears to be functional in the unfertilized egg as well. Being independent 
these two systems react independently with narcotics, with azide, and with 
sulfanilamide, thus giving rise to the various observations already noted. The 
data indicate that the effect of sulfanilamide is exerted on the activity system 
and this is undoubtedly the reason why sulfanilamide interferes with cell di- 
vision. 

Discussion. Current interest in the sulfonamides arises almost entirely 
from the bacteriostatic and bactericidal properties of these compounds. It is 
appropriate to consider the significance of the observations on the sea urchin egg 
to the mechanism of the effects of sulfonamides in bacteria. The existence in 
a dividing cell of a discrete narcotic sensitive system of respiratorj' reactions 
which are closely related to cell division is not peculiar to the sea urchin egg. 
A similar situation exists in yeast and in a ciliate so that it may not be unrea- 
sonable to consider that it occurs generally and iirobablj’ fherefore in bacteria. 
It is quite definitely indicated that sulfanilamide in the sea urchin egg acts by 
blocking the activity system. The iwssibility must be entertained that in 
bacteria the mechanism of its action is the same. 

It is important to apjireciate that the lack of anti-sulfonamide effect by p- 
amino benzoic acid in the egg is not evidence that the mode of action in the 
two cases differ. Strictly all this discrepancy actually proves is that the enzj'mes 
concerned are not completely identical. It is readily conceivable that p-amino 
benzoic acid may be a “promoter” for the species of catalyst which is inhibited 
by the sulfonamides in bacteria without it necessarily having the same activity 
on the equivalent catalysts in the sea urchin egg; and though many have done 
so in the past, it is not necessary to conclude from the fact that p-amino benzoic 
acid antagonizes the sulfonamides, that the former acts in any way other than 
as do promoters in inorganic catalysis. The latter point is emphasized bj' the 
recent contribution by Eyster (’43). This investigator has shown that p-amino 
benzoic acid will antagonize the sulfonamide inhibition of methylene blue 
absorption by activated charcoal. Unless we are prepared to imagine that p- 
amino benzoic acid is normally concerned in some way with the absorption on 
charcoal, we cannot ascribe to p-amino benzoic acid in this case any more than 
the properties of a promoter. Perhaps in the last analysis some growth factors 
act merely as promoters. 


INHIBITION OF CELL DIVISIOV 


65 


There is then no rea'^on for suspecting that the effect of sulfanilamide on bac 
term is significantly different from it-s effect m the sea uicliin egg It is, con 
sequentl}, ^er^ hkelj that in bactena as in jeast, protozoa and the sea urchin 
egg, cell di\nsion uill be found closelj linked with a specific 8;^stem of respintor\ 
reactions and that, as in the sea urchin egg inhibition of cell division by sulfona 
nudes will be found to parallel inhibition of this activitj sjstem (cf G) 

suMRuna 

1 Sulfanilamide depresses the rate of cell division in the feitilized egg of the 
sea urchin, “Irbaao pimctidala, and simultaneously the rate of oxj gen consump 
tion is lowered Complete suppression of division by this agent is associated 
with a 45% inhibition of oxygen consumption Sulfanilamide docs not inhibit 
owgen consumption m the unfertilized egg 

2 Azide docs not inhibit respiration m the unfeitihzed cells although it 
depresses both oxygen consumption and cell division m the fertilized egg The 
maximum effect of azide m the latter case results in a lowering of the rate of 
oxy gen consumption to approximately 50% of the normal v alue, and it is neces- 
sary to produce this ma\imum effect m order to stop cell division (data of 
Krahl ct nl) 

3 When added to a preparation already mn\imal!y inhibited with azide, 
sulfanilamide cannot produce additional inhibition Urethane, on the contraiy , 
does depress further the respiration maximally inhibited by azide 

4 The effect of urethane on respiration in the presence of the maximum aade 
effect can be desenbed by an expression of the mass law The value of a in 
this equation is similar to that for the urethane inhibition of the respiration of 
the unfertilized egg, and to that deduced for the effect of urethane on the basal 
system of the fertilized egg 

5 These observations all suggest the conclusion that cell dmsion depends 
upon the normal function of a discrete chain of respiratoi'y reactions, the ac 
tivity” system This system is normallv responsible for approximately 50% 
of the total oxygen consumption of the fertilized egg but it is inactive in the 
resting cell Inhibition of cell division by sulfanilamide as well as by narcotics 
and azide, accompanies inhibition of the activity system It is undoubtedly 
the latter inhibition w hich brings about the depression of the rate of cell divison 
The significance of these findings with relation to the effects of the sulfonamides 
in bacteria is discussed 
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E\er since the dl‘:co^c^^ of the inhibition of chohnestera‘?c (ChE ) activitj bj 
6*501100, this alkaloid has boon e\tensi\clj used, both e\perimentalli and thcia- 
peuticallj, m order to protect acetjlcholinc (Ach ) fiom enzjmatic destruction 
Pro\aded tint adequate concentrations of c«erine are ined it is possible to 
inhibit completely m isolated organs the cbohne'iterace actmty Extraction 
^^•lth solutions containing chorine has, therefore, often been used m order to deter 
mine the Ach content of tissues 

Ample cndcncc is a\ ailablc to indicate that aho in \ ivo, the administration of 
e erine protects fiom enzymatic hydrolysis the Ach liberated from cholinergic 
fibers (1) Hoi\e\ei, ^0 fai nsue know, it has not been shown whether it is pos 
sible, bs adequate administration of esenne to inhibit completely the enzymatic 
dcstiaiction of Ach within tissues in xa\o 
In the in\t‘itigations here rejxirtcd we ha\c appi cached the question for the 
contial ner\ 011*5 s\stcm (CNS) and the penpheral nor^es 
Foi the CNS Gcllhoin, Cortcll and Feldman (2) hasp shown m rabbits that 
esenne ma\ inhibit by 50% the ChE activity of the biain stem without grossly 
disturbing the nervous functions TIi<?\ u*5ed, howcvei, only relativelv small 
do«es of c«crine and weie not pnmanly conceincd with obtaining a complete 
inlubition of ChE activaty 

For the peiipheial nerves it has not been shown whether esenne, administered 
b\ injection, enteis the intact nerve fibers Treatment of frog’s isolated nerve 
with e‘!Crme lesuUs in practically no change in the action current (3) The 
question of w hethei it is pos'uble to protect completelv , by esenne administration, 
the Ach noimallv present in nerves seemed of particular interest with regard to 
the possibility , lecently discussed by Nachmansohn and associates (4)^ that the 
lelease and hvdiolysis of Ach may be the first events m a senes of reactions re 
sponsible for the propagation of the impulse within the nerve itself 

Methods SmcebothAcIi anilChE arcprcsentintissues Ach iscompletely oralmost 
completely hvdroljzeU iilien the tissues arc ground jn salt solutions and allowed to stand 
for a short while On the other 1 and if esenne in aulhcient concentration is added to the 
salt solution before the grinding no Ach is lost examined whether tho same degree of 
protection of the Ach contained in nervous tissues could be attained bj previous subcutane 
OU5 injection of esenne We u«ed frogs (Rnna pipiens weigl ing from 55 to 80 Gm ) since 
they tolcrTte much larger doses of esenne than mammals 

The general procedure for the penphernl nervea was as follows the two sciatic nerves 
were dissected clean from the point of emergence from the spin'll column to the knee nn«cd 
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once in bicarbonate free Ringer, dried rapidly with filter paper, placed in a tared vessel 
containing 0.4 cc. of bicarbonate free Ringer one with, one without Eserine, and weighed. 
The tissues and the solution were then transferred to a porcelain mortar where the tissues 
W’ere finely cut up for 60 sec., ground with a minute amount of quarz sand for 60 sec., and 
incubated at 37° for 13 min. At the end of the incubation period, bicarbonate free Ringer 
containing eserine 1:10"* was added to both nerves in order to stop the further enzymatic 
destruction of Ach. The tissue mash was transferred to centrifuge tubes and the volume 
adjusted with bicarbonate free Ringer containing eserine 1:10"* to 3 cc. for each 100 mgm. 
of tissue. After centrifuging, the supernatant fluid was poured off and kept in the ice box 
until just before assaying, when it was diluted with Ringer eontaining bicarbonate. 

Assays were made on the isolated frog’s heart (Straub’s preparation) and matched 
against Ach.-chloride solutions. A series of four curves was always taken in the order 
ABBA as recommended by Burn (5), to take into account incidental variations in the 
sensitivity of the preparation. The Ringer contained Na-Oleinate in a concentration 1 : 10"‘ 
in order to keep the frog’s heart beating optimally throughout the e.\periment (6). When 
eserine was injected, we used a 1 % solution. This was injected into the abdominal lymph 
sac 30 min. before the dissection of the sciatics. 

Experiments. In the first series of experiments we used both of the sciatic 
nerves of single frogs to determine Ach. values; the treatment of the frogs and the 
sciatics was different for the three groups of this series. The details of the experi- 
mental procedure together uith the results obtained are summarized in table 1. 
The experiments of Group I, confirming previous observations, indicate that by 
grinding in eserine free solution practically the whole of the Ach. contained in 
normal nerves is hydrolyzed by the ChE. In contrast to this, also confirming 
previous observations, the experiments of Group II indicate that the Ach. is 
preserved if the grinding is done in Ringer’s containing eserine. The absolute 
values obtained for this group are of the same order of magnitude as those re- 
ported by Hellauer and Umrath (7) for the sciatics of European frogs. The 
animals of Group III had received eserine by subcutaneous injection. The dose 
of eserine was selected so as to result in a tissue concentration of appro.ximately 
1 : 10000, assuming of course that the drug distributes uniformly throughout the 
tissues. The absorption of the injected fluid was found, in most cases, to have 
been complete in the thirty minutes allowed for it. 

The frogs after the injection were apparently normal in their posture and 
behavior, the heart was beating normally and the muscles of the legs responded 
with contraction to the section of the nerve. In a few animals we tried to see 
whether we could detect any sign of impaired ner\'e conduction. By faradic 
stimulation of the peripheral end of the cut sciatic it was possible to elicit both 
simple muscle twitches and tetani. The average Ach. content of this group did 
not show any difference from that of Group II. 

The experiments reported in table 1 were done using the two sciatics of single 
frogs for each experiment. Although both the single e.xperiments and the aver- 
age values for Groups II and III are well comparable, it seemed worth while to 
repeat the observations in more rigorously controlled experiments. In a new 
series this was done, determining the Ach. content of the two sciatics separatelj^ 
before and after the administration of eserine. The experimental procedure was 
as follows: Under light ether anaesthesia we removed from one side a section of 
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the sciatic from high in the thigh to the knee after hing the femoral arterj to 
this side, the skin v-as then sutured Tliere uns no hemorrhage The sciatica 
A\ere immediate!) ground m Ringer containing esenne "Wlien the frog had 
reco\ ered from the anaesthesia esenne ivas injected, and 30 mm later the sciatics 
of the other side Mere remo\ed under similar conditions, but extracted mth 
esenne free Rmger The results are gi\en in table 2 

TheAch xaluesofthcnervesofthetuosidesareidentical Hcrebj theresults 
obtained m the first senes of experiments arc confirmed Thej indicate that 
after subcutaneous injections of adequate amounts of esenne the Ach of periph 

TABIE 1 


Aee({/tcAohne content of frog s saattc neries 


ctour 

Ntnreta or 
CXPIIIUCNTS 

TVEATHtKT 

ACtt COVTEVI 

I 

6 

Control 

Ground and incubated in esenne free Itin 
ger a 

0 09 

(0 005-0 22) 

II 

6 1 

Control 

Ground and incubated m csennized Kin 
ger a 1 10 ♦ 

2 09 

(12 -t 0) 

III 

7 

Sc injection of 7 5 mgm 

Esenne {1 rogm/10 Gm of body weight) 
ground and incubated in esenne free 
Ringer a 

1 94 

(1 15 -3 0) 


TABLE 2 



NO or riocs 

ACa CONTENT t/cu or 
XICHT SCIATIC NOlUAL 
Sloe 

ACB CONTENTTr/Cir OT 
tert SCIATIC 30 AJTEt 
INJECTION or 7J UCM 
ESEX NE 

Exp 1 

5 

2 65 

2 65 

Exp 2 1 

6 

1 85 

1 85 


eral ner\ es 18 complete!) protected from enzymatic destruction b) the ChE It 
IS M ell to mention here that Ach Ie\els Mhcther determined b) the frog’s heart, 
the leech’s dorsal muscle, or the cat’s blood pressure are accurate onl) to uithin 
5 10% In order to see Mhether esenne could reach the nenc fiber bv diffusion, 
MC performed a feii experiments where we injected e'^enne m the U'^uil dose and 
manner into frogs who^je circulation had been stopped b\ means of a ligature 
placed around the ventricle We found Ach \ allies for the ‘’ciatic nerves of 0 01 
gamma and 000 gamma /gm weight which indicates that diffusion of the in 
jected esenne docs not take place under the^ conditions 
ExPEniMENTS ON THE CNS 30 mm after the administration of e^^enne the 
brain stem was isolated and divided longitudmalh in two halves that were incu 
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bated in Bicarbonate free Ringer, and Bicarbonate free Ringer with eserine 
1 .'5000 respectively. 

After incubation the water soluble Ach. was extracted with Ringer containing 
eserine in both cases. The eserine concentration had to be raised to 1 .'5000 (8). 
This method of extraction yields only between and ^ of the total amount of 
Ach. contained in the CNS of the frog. (9). Loewi and associates (loc. cit.) 
however have shown that the water insoluble Ach, is resistant to the ChE. and 
therefore the Ringer extraction was chosen, as more suitable for our experiments. 
The results are summarized in table 3. After the injection of eserine, the average 
Ach. content of the half of the CNS that was incubated with eserine 1:5000 is 
2.34 gamma/gm., weight whereas the corresponding halves incubated without 
eserine give a content of only 0.26 gamma/gm. weight or less. This indicates 
that in the case of the CNS we have been unable to inhibit the destruction of Ach. 
by means of subcutaneous injection of eserine. 

TABLE 3 


Ach. corUcnl of frog’s CN S following siibciilaiieous injection 
of Eserine and incubation at 37° IS' 


SO. Of EXP. 1 

ireatuest 

1 .... . . 1 

ACn, 7/OM. 


! i CKS incubated with Ringer containing Es 1:5000 

1 

2.34 

(1.25-3.00) 


^ I CXS incubated with Eserine free Ringer 

0.26 

(0.55-0. 905) 


Discussion. Our failure to produce by eserine injection any protection of the 
Ach. of the CNS from enzymatic hydrolysis is probably due to the much higher 
degree of ChE, activity of the CNS as compared witli the peripheral nerves. This 
explanation is supported by the observations of Hellauer (10) who has shown 
that in the frog the activity of the ChE. of the CXS is 4 to 5 times greater than 
that of the sciatic nerve per unit of weight.- 

Our results on peripheral nerves on the other hand indicate that the ChE. of 
the-se tissues must have been inhibited to such a degree that within the limits dis- 
cussed above the whole amount of Ach. present in nerves has been protected 
against the action of the enz3'me. Yet there was no ei'idence of inhibition of the 
propagated impulse irithin the nerves. 

How can these results be reconciled with Nachmansohn’s suggestion according 
to which the propagated impulse is initiated by liberation and hydrolysis of 
Ach.? 

In order to extract the Ach. it is of course necessary to grind up the nerve, 
thereby its structure is destroyed and eserine is allowed to diffuse to all elements 
of the nerve. One could, perhaps, assume that within the intact nerve the in- 

- In a tew experiments we tried to reach a higher eserine concentration by raising the dose 
to It m'gm./Gm. body weight. Even with this very high dose we did not succeed in bRcc- 
tiveiy protecting the .\ch. from the ChE. of the CES. 
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jected cserine does not reach the spots ^\helc the cholmestera'^c is located and 
acti\c "We have no know ledge about these spots From all the a^ ail iblc litera- 
ture (11) we do know howo\cr, that e‘*cnne inhibits the cholinesterase actuitj 
in intact tissues It can of course not be cxcUided that ju«t nene fibres pre'^ent 
an exception from this general rule ^ long as this question has not been 
settled, our results while thej do not support, do not necc'^sarilj inialidato 
Nachmansohn’s suggestion 


SnMX!A.nY 

1 The acetj Icholinc present in the central nerv ous sj 'item and in the pei ipheral 
nerves is completely or almost complctelv hvdrolv zed duiing grinding and sub 
"equent incubation of the tis'^ues 

2 Subcutaneous injection of eserine even in large doses docs not affect this 
process in the cose of the central nervous sj’stem 

3 In contrast to this the acct>lcholmc of peripheral nerv es is completeh pro 
tccted from hjdroKsis b\ ‘subcutaneous injection of 0*501106 

4 Piopagation of impuKes in such nerves is present 
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Trichloroethylidene gl 3 ’cerol was first prepared by Yoder (1). He reported 
it to have “a marked and fleeting hypnotic action”, but said nothing about the 
method of testing or the species of animal used. The preparation of the' sub- 
stance has since been described bj' Boeseken (2), by Hibbert, Morazain, and 
Paquet (3), and by Meldrum and Vad (4); but beyond Yoder’s brief remark, I 
have failed to find anj' publication on its pharmacologJ^ 

Because his product reacted more readily irith carbonyl chloride than a sec- 
ondary alcohol would be expected to do, Yoder assigned to it the structure of the 
H— C— CCls 

5-membered ring, 0 0 , 2-(trichloromethyl)-l,3- dioxo- 

HjC CH— CHjOH 

lane-4-methanol, rather than that of the 6-membered ring, 2-(trichloromethyl)-5- 
m-dioxanol. The structure of this compound was further investigated by Hib- 
bert el al., who concluded that chloral reacts only with the hydroxyl groups in the 

1- and 2- positions in glycerol, yielding the cyclic acetal with the 5-membered 
ring shoivn above as the sole product of the reaction. Their judgment was based 
on this evidence; (1) methylation of trichloroethylidene glycerol gave a product 
the phj'sical properties of which matched rather closelj'^ those of the compound 
formed by the condensation of chloral with a-methjiglycerol; (2) benzoylation 
of trichloroethjiidene glycerol gave two distinct benzoates, presumably cis-trans 
isomers, but another pair of benzoates could not be found. 

There are four possible stereoisomers having the structure shown above («s 
and irons forms, each a racemic pair). Bj' mechanical separation of the crystals 
Hibbert et al. were able to isolate and characterize the tw'o isomeric benzoates, 
but separation of the isomeric alcohols themselves has not hitherto been reported. 
By benzoylation of trichloroethylidene glycerol, separation of the two crystal- 
line benzoates, and hydrolj'sis of the benzoates, I have obtained sufficient quan- 
tities of the two isomeric forms of trichloroethylidene glycerol for pharmacological 
tests on mice. These two isomers are almost certainly the cis-trans isomers of 

2- (trichloromethyl)-l ,3-dioxolane-4-methanol and each is a racemic modification. 
In the absence of conclusive evidence as to which is the cis and which is the Irans 
form, the lower melting alcohol will here be designated the «-form and the higher 
melting the /3-form. 

> This work was supported by a grant from the Mallinckrodt Cliemical Works. 
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Metjiods Prcparatton of tnchloroetkylidene glycerol The method is essentially that 
used by BScseken (2) To 92 Gm (1 mole) of gljcerol isas added 162 Om (1 1 mole) of 
chloral and 140 cc of concentrated sulfunc acid The temperature rose to 100® and the 
mixture became homogeneous and turned brown After i hour, it was cooled diluted with 
water, and extracted with chloroform Thcchlorofonncxtract was washed with water and 
sodium bicarbonate solution and dried with anhydrous sodium sulfate The chloroform 
was then distilled off and the product distilled at a pressure of 7 mm 1 leld 40 per cent 
jSeporflhon of the hemoatea The bcnzoylation was performed in the manner described 
bi Hibbcrt el al (3) The two crjstalhnc bentoates were separated by a long senes of 
crjstalhsations from hexane benzene and from methanol with seeding Mechanical sep- 
aration of large, well formed crystals was sometimes employed The final melting points 
were 74 2-75 2® and 83 8-84 8*C (corrected) These melting points could not be changed 
by further crjstallization from hexane or from methanol 

Hydrolysia of the ben-oaUa The benzoate was dissolved in methanol and 2 equivalents 
of potassium hydroxide in methanol added Alter 10 min water was added to reduce the 
methanol concentration to 70 per cent After this mixture had stood at room temperature 
for a day most of the methanol was removed by distillation at reduced pressure and the 
remaining solution extracted with chloroform The extract was washed with water, the 
chloroform evaporated off and the tnchloroethylidene gl> cerol distilled w ithout ebullition 
in a microdistillation apparatus at a temperature of 100® and a pressure of less than 1 mm 
The higher melting benzoate gave rise to the higher melting alcohol 

Although interconvereion of cts Irons isomers would not be expected to take place readily 
in this type of compound the following experiment was performed to rule out the possi 
bility Samples of 0 3 gm of each of the isomcnc alcohols were rebenzoylated In each 
case more than 75 per cent of the theoretical ) icid of benzoate was isolated in the form of 
crystals having the structure and melting point of the original form of benzoate from w hieh 
the alcohol was derived In neither case could nnj crjstals of the other form be found 
This indicates that the processes of hydroI>8is and distillation did not produce any signifi- 
cant inlcrconversion of the isomers 

Pharmacologtcal teals Male white mice were used All doses of all three drugs were 
given as freshly prepared solutions of 2omgm percc m distilled water The intravenous 
injections both in the anesthetic and lethal ranges were given at a rateof 0 20cc permin 
the piston of the synnge being advanced at a constant rate bj n machine A mouse was 
considered anesthetized if it could not gain and roaintaio the standing posture when its 
tail was pinched vigorouslj Median doses were estimated b} interpolation on the assump 
tion that the curve relating log dose to proportion affected is the integrated normal fre- 
quency curve 

Tnchloroethjlidene glyceiol is a colorless, odorle«!s, mscous liquid Boiling 

20 ° 

point 130°/7 mm Sp gr = 1545 Exposure to light causes decomposition 

w ith the liberation of hj di ogen chloride This decomposition is detectable after 
an exposure of onl} a few hours to bnght sunlight, but a sample kept m the dark 
at room temperature for three months showed no CMdence of decomposition 
Some of the properties of the component isomers are shown in table 1 The /3 
isomer is solid at oidinar\ room temper itures, but freezing i^ slow and uncertain 
unless the liquid is seeded Although the melting points as shown m table 1 are 
far apart, the two isomers differ little if an\ m then A\atei solubility, this being 
about 3 gm per 100 cc at 20° for each 

The anesthetic and lethal effects of the two isomeis of tnchloroethylidene 
glycerol following mti'wenous ami mtrapentoneal injection in mice baxc been 
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Studied . Studies of the corresponding effects of tribromoethanol have been made 
at the same time for comparison, this drug being also a halogenated alcohol and 
resembling the trichloroeth 5 'lidene glycerols in activity and duration of action 
perhaps as closely as any other familiar drug. 

The results are to be found in tables 2, 3, and 4. There is little difference in 
the effects produced by the tvo isomers. The estimated median anesthetic and 
lethal doses by both routes of administration are somewhat higher for the /3- 
isomer, but only with the intraperitoneal anesthetic doses is the difference statis- 
tically significant. By both routes the trichloroethylidene glycerols are little less 
active as anesthetics than tribromoethanol, but their lethal doses are notably 
higher than the corresponding values for tribromoethanol. 

TABLE 1 


Properties of the two isomeric forms of trichloroethi/lidene glycerol 


ISOMER 

CHLORIKE* 


UELTIKC RANGE 


per cent 


"C. 

O’ 

47.1 

1.5038 

-50 to -35 

e 

47.3 

1.5035 

+19 to +28 


* Theoretical (CsHtOjCIj) : 4S.0 per cent. 


TABLE 2 


Anesthetic and lethal effects produced in mice by the intrarenous injection of the isomeric 
trichloroethylidene glycerols (a- and p-forms) and of tribromoethanol (TBE) 


DOSE 

NUMBER Of MICE ASESTRETUED/tOTAL 

DOSE 

NUMBER OF MICE KILLED/TOTAL 

a 

0 

TBE 

a 

0 

TBE 

mgm. per kgm. 




mgm. per kgm. 




91 

1/15 

4/15 

5/15 

265 



6/15 

100 

8/15 

5/15 

7/15 

304 



10/15 

110 

9/15 

7/15 

9/15 

463 

4/15 

5/15 


121 

11/15 

10/15 

N 

532 

10/15 

8/15 



Both isomers produce a quiet anesthesia with good relaxation in mice. The 
onset of anesthesia is immediate after an intravenous injection. The duration of 
anesthesia after small intravenous doses is quite short, but mice given intraperi- 
toneal doses near the lethal range may be anesthetized for sev'eral hours. The 
median recovery time in a series of 21 mice recei\ing 200 mgm. per kgm. of the 
a-isomer intravenously was 50 sec. In a series of the same number receiving the 
same dose of the /3-isomer, it was 20 sec. There were some deaths in the group 
of 21 that were given 200 mgm. per kgm. of tribromoethanol, but the eleventh 
mouse to recover did so in 140 sec. 

The pharmacological study of geometrical isomers has not had the same 
obvious theoretical appeal as has that of optical isomers. Few investigations 
have been directed specifically to this end, and I know of no attempt at a com- 
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plete collection of the scattered observations that arc in the literature So far as 
I knoiv the only other cts Iran^ isomers that ha\e been compared as general 
anesthetics are the 1,2 dichloroethjlcncs The cis compound is reported to be 
considerably more active as a narcotic than the Irons, and the side actions are 
different (5) Among central nervous S 38 tcm depressants of another type, mor- 
phine and lU derivatives, geometrical isomcnsm has been studied In those 
compounds change of the geometrical configuration of the alcoholic hjdroxyl 
group IS knoivn to lead to qualitative and quantitative changes in action (6) 
Several geometrically 'isomenc local anesthetics have been tested Little differ- 


TABLE 3 


'Incsifteite and lethal effects produced tn mice the tntrapcrtioneal tnjeclton of the taomertc 
Irtchloroelhi/lidene glycerols (a and forms) and of trtbromoethanol {TBE) 


rose 

, NtniBE* 0? MICE AKESTnEnZEO/tOTAt j 


1 ifuicBEX or uicx xieled/iotal 

- 

0 

TDE 


0 \ 

TBE 

mtm pte 

200 

230 

265 

304 

4/15 

9/16 

1 

3/15 

9/15 

4/15 
6/15 
11/15 1 

mfn ptritjm 

532 

612 

809 

031 1 

1070 

3/15 

s/15 

1/15 
4/15 1 
14/15 i 

7/20 

19/20 


TABLE 4 


Median anesthelie doses {AD eO) ond median Ulhal doses {LD 50) mth their standard errorsi 
calculated from the data of tables 8 and 5 


Dice 

j IKTHAVCNOVS 

1 lyiBATEErrOVtAL 

AD iO 

LD JO 1 

LD so 

AD SO 

AD JO 

LD JO 

LD SO 

AD JO 

a 

105 2±Z2 

602 ±16 

4 78 AzO 24 

255 ± 9 

920 ±32 

3 61 ±0 18 

0 

110 4 ±4 6 

51S ±31 

4 C9 ±0 35 

295 ± 9 

959 ±33 

3 26 ±0 15 

TBE 

102 1 ±5 0 

279 ±14 ' 

2 73 ±0 19 

235 ±10 

1 546 ± 0 

1 

i 2 32 ±0 11 


ence in activity was found between the opticalh isomeric /3-cucaines and their 
geometrical isomers, the iso 0 eucaines (7) Some difference was found between 
tropacocaine (benzoj Ipseudotropine) and its isomer, benzovlti opine (8) The 
optically isomeric cocaines are also reported to differ somewhat from their geo 
metrical isomers, the pseudococames (8) Piobably the most striking pharma- 
cological differences between cts Irons isomers aie to be found in the paraavmpa 
tholjtics and m the sex hormones »Thc geometrical isomers of atropine and 
homatropme are not mjdnatic (9) There is a similar difference m m>dnatic 
action between the mandelates of them Irons forms of the N methj Ivinj Idnce 
tonalkylamines (10) In the steroid cstiogens and androgens the actmtv is 
dependent to a great extent on the spacial configuration of the Cij — OH with 
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respect to the Cu — CHj. Compounds in which the — OH occupies a Irans posi- 
tion are much more potent than the corresponding cis compounds (11, 12). 

Among the substances producing pure, "typical" narcotic effects, there is little 
e^ddence of structural specificity. Similar narcotic effects are produced bya wide 
variety of chemical classes, and narcotic acti%dty is more closely correlated with 
phj’-sical properties than with chemical structure. Enantiomorphic narcotics 
maj' have identical activity (13). Although the physical properties of cis-trans 
isomers are not identical, they may differ but little (as the water solubility of this 
pair). The mechanism of the narcosis produced by these compounds is probably 
dependent upon physical properties which, like water solutility, do not differ 
greatly rather than upon the special configuration of the molecule. 

Even though trichloroethjiidene glycerol is a mixture of isomers the propor- 
tions of which are unknown and perhaps even unreproducible, the close similarity 
in pharmacological action of the components indicates that this would probably 
be of no importance in any practical use of the unseparated mixture. 

SUMMARY 

Trichloroethylidene gl3’cerol has been separated into the two component m- 
trans isomers (each a racemic modification). These have been tested on mice in 
comparison with tribromoethanol. Both isomers produce a quiet anesthesia of 
brief duration, and the3' are nearl3'’ equal in 3011^13'. They are little less active 
as anesthetics both b3' the intravenous and by the intraperitoneal route than is 
tribromoethanol, but their lethal doses b3' both routes are conspicuously higher 
than the corresponding values for tribromoethanol. 
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The pre««nt studj deals \vith the oxidation of a senes of phcncthjlammo 
dem atu es as catal> zed bj tj ro«:iEa*«, and the possible correlation of the i ates of 
oxidation iMth the chemical structure and the phj siological acti\it> of the 
amines In addition to the pnmarj amines, the senes includes the secondarj, 
tertiary and quaternary dcnvatives of phcncth>laraine, the 2, 3 and 4 mono 
hydroxyphenethjlamines and the 2,3 and 3,4-dihjdro\yphencthylamincs and 
epinephrine The pharmacological activities of the secondary amines were 
described bj Hjort (1) Most of the compounds were sjTithesized m these 
laboratones by J S Buck and associates 

EXPEniMENTAL 

Mfthods Stable tjroainaae preparations were made from extracts of the cultivated 
while ediblo mushroom bv fractional precipitation with ammonium sulfate (2) Two 
such preparations were studied in detail Their activities were a58a>cd using catechol 
and cresol as substrates by tl e method of Allcs ct ol (3) The rates of oxidation of the 
amines were determined in the Warburg apparatus using 1 ml of enzyme solution 0 5 ml 
of 0 Oo molar substrate and 1 ml of phosphate gelatin buffer at pH 7 0 at a temperature of 
30*C' with shading at the rate of 120 o«cinations per minute The oxygen consumption 
was measured at convenient intervals until at least ^ microliters of oxygen had been con 
sumed Determinations of the rates of oxygen uptake m the absence of ensyme showed 
that the 3 4 dih}drox> derivatiNes consumed about 0 1 microliter and the 2 3 dih}drox> 
derivatives about 0 3 microliter per minute The blank value with each of the other 
amines was negligible hen it was significantly large the value for the autoxidation was 
subtracted from the total oxygen uptake in the calculation of the rate of enzymatic reaction 

Results Figure 1 summarizes graphically the initial rates of oxidation of 
the various substrates using enzyme Ti as the cataljst For each pomt the 
ordinate giv es the ox> gen consumption m microliters and the absciSvSa the time 
m mmutes In each instance the oxygen consumption due to tyrosinase ap 
peared to be a linear function of time during initial stages of the reaction (con 
sumption of 50 microliters oi 0 179 atoms of oxygen per molecule of amine) 
The complex nature of the reactions mvolved prevented a simple formulation of 
the reaction rates w hen oxy gen consumption was followed to higher lev els 

In general, the primary and secondary ammes of anj series were oxidized at 
approximately equal rates Likewise, the tertiary and quaternary derivatives 
were oxidized at similai rates but more slowly than the primary and ‘secondary 
ammes For example, the primary and secondary 3,4*dihydroxyphenethyl 
amines took up 8 2pl /mm while the tertiary and quaternary derivatives con- 

* Presented in part before the Division of Biological Cl emistry of the American Chemi 
cal Society at Detroit April 12 16 1943 
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Eumed 7.0 /min. The 4-hydro\yphenethylamine and its secondary derivative 
n ere oxidized at the rate of 3 0 /il /min. while the tertiary and quaternary deriva- 
tives had the slower rate of 1.7 id /min. The primary and secondary 2,3- 
dihydroxy derivatives consumed 0.8 /il./min. and the tertiary and quaternary 
derivatives iv ere oxidized at half this rate. 



Fig 1 TiROSINASE A^D PhENETHIUMINE DeRI\ A.TI^E5 
0\>gen uptake in microliters against time in minutes of equimolar concentration of 
amines as catalyzed bj tyrosinase The substrates included A, catechol, B, 3,4 dihjdroxy 
phenethj lamine hydrochloride, C, 3,4 dihjdroxyphenethylmethylamine hydrochloride, 
D, 3,4 dihydroxy phenethj Idimethy lamine hjdrochlonde, E, 3,4 dihydrowphenethyl 
tnmethjl ammonium chloride, F, cresol, G, 4 hydroxy phenethylamine h\ drochlonde, 
H, / epinephrine hydrochloride, J, 4 hydroxy phenethylmethy lamme hydrochloride, K, 
4 h\dro\yphenethyltnmethyl ammonium chloride, M, 4 hydroxy phenethyldimethy lamme 
liydrochlonde, N, 2,3 dihydroxy phenethylamine hydrochloride, 0, 2,3 dihydroxyphen 
ethylmethy lamme hydrochloride, P, 2,3 dihydroxy phenethyldimethy lamme hydrochlor 
ide, R, 2,3 dihydroxy phenethyltrimethyl ammonium chloride, T, 3 h\ droxy phenethy I 
amine hydrochloride 


Among the diphenolic amines, the 3,4-dihydioxy deuvatnes were oxidized 
more rapidly than the 2,3-dihydro\y compounds Epinephrine i\as oxidized 
at less than half the rate of epinine 

Among themonophenolic amines, the4-hydi 0x3 phenethj lamines v ere oxidized 
more lapidly than the 3-h} droxj phenethj lamme vhile the 2-hjdioxj- and the 
unsubstituted phenethylamines iieie not oxidized at all Alles et al (3) con- 
cluded that the 3-hj'di oxj phenethjdamines are not oxidized bj' t3io»inase. 
HoMe\ er, in the piesent expel iment the primary amine of this series was oxidized 
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at a significant rate though a period of about 8 hours i\as required for the con 
sumption of 50 of oxjgeii ICo oxidation was ob'^er^ed ^\lth the socondirj, 
tertnr> and quateinarj deri\atncs 

TABLE I 


liaieoj oxtdalwno/ phcntihylamtne dernaineshy ijrotinau* 




T. 1 

1 



coioi or 
rrean 
TATE 

VO 

NAUC or covroi'vo 

Rate o( Oxyftn 
Coofuinpt on 
0<l /m o ) 

UTIO— 

T/T« 

cowE or 

SOtCTIOX 


Catechol 

10 4 

16 0 

1 5 

Red 

None 


Cresol 

1 6 8 

1 1 

0 16 

Red I 

None 

21 

1 Epinephrine hydrochloride 

3 0 

1 6 

0 53 

Red orange 

Bind 

69" 

3 4 Dihydroxyphcncthvlaminc hydro 
chloride 

8 3 

13 1 

1 6 

iteU brown 

Black 

22 

i 3 4 Dihydroxvphcncthylmcthylamine 
hydrochloride 

8 1 

12 8 

1 G 

Red Irown 

Black 

689 

3 4 Dihydroxyphenetliyldimethylaminc 
hydrochloride 

7 1 

8 0' 

1 2 

None 

None 

SIS 

3 4 Dihydroxyphencthyltnmcthyl am 
monium chlondc 

7 0 

8 7 

1 2 

Red orange 

None 

696 

2 3 Dihydroxy phenethylamine liydro 
chloride 

0 9 

0 4 

0 44 

Red broiyn 

Brown 

3S 

2 3 DihydroxypliencthylmethyUmine 
hydroeV loride 

0 8 

0 4 

0 50 

Red brown 

Brown 

CSS 

2 3 Dihydroxy phenethyldimethylamine 
hydrochloride 

0 4 

0 2 

0 50 

Red brown 

None 

S17 

2 3 Dihydroxyphenethyltnmelhyl am 
momum chloride 

0 3 

j 

0 2 

0 67 

Red brown 

None 

COa 

4 Hydroxy phenethylamine hydro 
chloride 

3 1 1 

2 2 

0 71 

Red brown 

Black 

32 

4 Hjdroxyplienethylmcthylammc hy 
drochlonde 

29| 

1 8 

0 62 

Red brown 

Black 

GS7 

4 Hydroxy pi eiiethy Idiracthy lamme 

1 y drochlonde 

1 7 ; 

0 8 

0 49 

None 

1 None 

816 

694 

4 Hydroxy plienethyltrimcthyl am 
momum chloride 

3 Hydroxyphenelhylamine hydro 
chloride 

1 8 

0 1 

0 8 

0 47 

Brown 

Red brow n 

None 

Black 


* No oNidation i\a8 observed with the following compounds 3 h>droxyphenethyI 
niethjlamine hydrochloride 3 hydroxy phenelhyldimelhylaraine hydrochloride 3 hj 
droxjphenethjltnmethjl ammonium chloride 2 hydroxy phenethylamine hydrochloride 
2 hydroxy phenetlylmcthylnmine hydrochloride 2 hydroxyphenethyldimethylamine hy 
drochlonde 2 hydroxyphenethyltnmethyl ammonium chloride phenethylamine hydro 
chloride phenethyJmethyJamine hydrochloride phenethyldimethylamine hydrochloride 
and phenethyltrimetl yl ammonium chlondc 


Table 1 gi\es data y\hich allow t companion of the effects of two enzyme 
preparations which diffei widely m the ratio of catecholase to cresolase actnity 
Enzyme Ti contained 1 04 units of cattcliolase and 0 G8 units of cresola«ie activity 
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per ml., while for Tj the corresponding values were 1.6 and 0.11 respectively. 
Thus the enzyme Tj had a catecholase activity 1.5 times that of Ti while the 
cresolase activity was only one-sixth. It was observed that only the 3,4-di- 
hydroxyphenethylamines were oxidized more rapidly in the presence of Ta than 
Ti. Epinephrine, the 2,3-dihydroxy and the 4-hydroxy derivatives were 
oxidized less rapidly with Tj as catalyst. This suggested that the rate's of oxida- 
tion of the latter compounds were closely dependent on the cresolase activity 
of the preparation in contrast to the former which were affected primarily by the 
catecholase activity. Using either Ti or T? epinephrine was oxidized at a rate 
less than half that of epinine. This result differs from the findings of Alles (3) 
who found the two substrates to be oxidized at nearly equal rates. Nearly 
equal rates of oxidation of epinine and epinephrine were found when mushroom 
press juice purified bj' a single ammonium sulfate precipitation was used as a 
source of enzyme. However, when such enzyme preparations were diluted with 
water the rate of oxidation of epinephrine diminished more rapidly than that of 
epinine. It appears, therefore, that extraneous substances in the enzyme prepa- 
ration can affect the rate of oxidation of one or both these substances. 

The colors of the oxidation products (Table 1) indicate that a variety of courses 
of oxidation occur. Thus the primary and secondary 3 ,4-dihydroxy and the 4- 
hydroxy derivatives yield reddish solutions and finally black precipitates. The 
tertiary amines do not form colored products, while the quaternary salts yield 
reddish solutions. The primary and secondary 2,3-dihydroxy derivatives give 
brown precipitates but the tertiary and quaternary derivatives give no 
precipitates. 

Table 2 contains the results of studies on the course of oxidation of the 
phenethylamines by tyrosinase over a period of 48 hours. The enzyme used for 
the study was the same preparation as the T2 of previous experiments but 10 
times as concentrated. The substrate concentration was 0.5 ml. of 0.005 molar 
amine in a volume of 2.5 ml., i.e. one-tenth the concentration used earlier. The 
other conditions of the experiment were the same as described above. 

The initial rates of oxidation in these e.xperiments were not markedly different 
from those reported in Table 1, since the decreased concentration of substrate 
was balanced by an increased concentration of enzyme. Moreover, the relative 
rates of oxidation of the various substrates were similar. However, as the oxida- 
tion continued changes in the relative rates of oxidation were observed. Thus 
epinephrine and the primary and secondary 4-hydroxy phenethylamines which 
were oxidized initially at rates lower than those of the 3,4-dih3"drox3"phenethyl- 
amines, later were o.xidized more rapidly and in 48 hours had consumed more 
0X3'gen. The 4-hydroxy derivatives usually consumed more o.x3-gen than the 
corresponding 3,4-dih3'droxy derivatives, while the latter consumed more than 
the 2,3-dihydroxy derivatives. The primary', secondary, tertiary and qua- 
ternary derivatives of the 2,3-dihydroxy compounds consumed nearly equivalent 
amounts, whereas among the 4-hydroxy and 3,4-dihydroxy compounds, the 
primary and secondary' derivatives consumed more than the tertiary' amines and 
the latter more than the quaternary salts. It is thus apparent that no simple 
explanation will fit all the tyqjes of oxidation. 
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Discussion Tho mechani'^m of ovulation of tyraminc b> tjrosinase was 
worked out by Raper and associates (4) The principal steps m the oxidation 
arc shown below 


CHjCHjNHj CH.CHjNHj CHjCHjNHj 



OH OH 0 



Melanin 


Tjramine is first oxidized to 3,4-dihydroxyphenetli3lamme, which is further 
oxidized to the corresponding orthoqiunone Then the nng closure to the 
5,G-dihydroxy-dihydroindole occurs The latter is fuither oxidized to the 
corresponding orthoquinone A second internal oxidation reduction lesults in 
the indole derivative which gi\e<5 rise to melanin 

A similar series of chemical changes has been adopted bv \arious workers to 
explain the route of oxidationof similar piimary and secondarj amines The 
oxidation of tertiarj and quatemar> deri\ates lepoited here cannot follow this 
path of oxidation because such dematives cannot cjclize like the piimarj and 
secondary amines Therefore, unless an improbable demethjlation occurs, the 
formation of indole dcll^atl\os is precluded The failure of this step to occur 
is confirmed, m part, bj the ab'^ence of melanin from the oxidation products 
(Table 1) Nevertheless the tertiarj and quatemar> ammes consume from 3 1 
to 5 6 atoms of oxjgen in a 48 hour period Therefoie there must be open 
alternative routes of oxidation such as further oxidation of the benzene ring 

The behavior of epmephiine is somewliat anomalous In two respects, at 
least, it resembles the 4 h 5 dio\yphenethylammes more clo«eh than the 3,4 
dihydroxyphenethylamines, tc the initial rate of oxidation is i-elati\clj more 
greatly affected by the cre'iolase than bj the catecholase activitv of the cnzjme 
preparation and the coiiise of oxidation o\ci an extended peiiod is like that of 
the 4 hydroxj compound*: 

There appears to be no conelation between the rate of tjrosmn«e oxidation 
and the phj siological acti\it\ of the amines The 3,4dih>dro\> compounds 
aie more readilj oxidized b\ tjro^inase than the 2,3 dihjdioxj derivatu es and 
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possess greater activities as pressors. On the other hand, epinephrine is oxidized 
at onb^ half the rate of epinine but has 10 times the pressor activity (1). More- 
over, 3-hydroxyphenethylmethylamine is oxidized at less than tV the rate of the 
4-hydroxy compound but is twice as potent as a pressor agent (1). The sus- 
ceptibility to attack by tyrosinase and the ability to act as pressor agents, there- 
fore, appear to depend primarily on different molecular configurations. 

TABLE II 


Total oxidation of phcncihylamine derivatives hy tyrosinase 






MICROLITERS OF OXVCEN 



S w 
ng 

NO. 

NAME OF COlfPOUND 

s 

min 

10 

min. 

30 

min. 

60 

min. 

2 

hr. 

4 

1 hr. 

8 

hr. 

24 

hr. 

48 

hr. 

S o 

O 9 
H ^ 
< 

21 

1-Epinephrine hydrochloride 

13 

27 

56 

70 

114 

120 

143 

169 

1 188 

; 6.7 

697 

3,4-Dihydroxyphencthylamine 

hydrochloride 

48 

72 

91 

97 

104 

109 

116 

129 

153 

5.5 

22 

3,4-DihydroxyphenethyImethyl- 
amine hydrochloride 

51 

72 

94 

98 

101 

104 

112 

133 

157 

5.6 

689 

3,4-Dihydroxyphenethyldimethyl- 
amine hydrochloride 

26 

28 

31 

36 

44 

49 

64 

116 

134 

4.8 

S18 

3, 4-Dihydroxyphenethyl trimethyl 
ammonium chloride 

28; 

35 

42 

46 

1 

52 

64 

58 

81 

97 

3.5 

696 

2,3-Dihydro.\yphenethylainine 

hydrochloride 


. 8 

1 

21 

24 

31 

37 

47 

esj 

8s| 

1 

3.1 

38 

2,3-Dihydroxyphenethylmethyl- 
1 amine hydrochloride 


7 

23 

37 

60 

62 

70 

88 

! 

107 

3.8 

688 

1 2,3-Dihydro,\3'phenethyldimethyI- 
amine hydrochloride 


5 

14 

23 

35 

39 

42 

68 

91 

3.2 

817 

2,3-DiliydroxyphenethyItrimethyI 
ammonium chloride 


4 

12 

20 

34 

38 

41 

75 

87 

3.1 

695 

4-Hydroxyphenethylamine hydro- 
chloride 

18 

42 

101 

126 

131 

135 

140 

158 

171 

6.1 

32 

4-HydroxyphenethylmethyIamine 

hydrochloride 

15 

39 

95 

115 

119 

123 

129 

148 

163 

5.8 

687 

, 4-Hydroxyphenethyldimethylamine 
, hydrochloride 


6 

11 

25 

45 

59 

82 

131 

157 

5.6 

816 

i 4-Hydroxyphenethyltrimethyl am- 
monium chloride 


4 

10 

20 

, 

30 

35 

45 

66 

87 

3.1 


SUMMARV 

The initial rate of oxidation of a series of phenethylamine derivatives as 
catalyzed by tyrosinase has been studied. 

The primary and secondary ‘derivatives of any series were oxidized more 
rapidly than the tertiary and quaternary deiivatives. 

The 3 , 4 -dihydroxyphenethylamines were oxidized more rapidly than the 
2,3-dihydroxy derivatives or epinephrine. 

The 4-hydroxyphenethylamines were oxidized more rapidli^ than the 3-hy- 
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droxypbcnethylaminc. The 2-hydroxy and unsubstituted phenethylamines, 
and the N-substitutod 3-hydro\y derivatives nerc not oxidized at all. 

There nas no correlation of ease of oxidation nith the physiological activity 
of the amines. 
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AMIDES, AMINES AND RELATED COMPOUNDS AS DIURETICS 
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In a previous paper (1) a method using rats was described for the bioassay of 
diuretics. With this method it is possible not only to estimate the diuretic ac- 
tivity of drugs from their dose-action curves but also to obtain some information 
on side-actions produced by them. With urea as the reference standard, the 
activities of several known diuretics (salts, xanthine derivatives, metal organic 
compounds) were determined. The sequence of activities among these com- 
pounds as determined by the rat method was found to be the same as that calcu- 
lated from the average human therapeutic doses. 

The fact that urea, (activity 1), biuret (1.34), and the xanthine derivatives 
(7.2 to 115), contain the same group = N — C — N = at least once in the mole- 

11 

cule and are diureticaUy active encouraged a systematic search among amides 
and amines for substances with high diuretic activity. Seventy substances were 
thus studied in order to determine 1) their diuretic potency with reference to 
) urea, and 2) side-actions. The procedure used in almost every infetance was the 
same as that used in the study of the known diuretics, and is described in detail 
in the previous paper. 

The results obtained are presented in tables 1 and 2. In table 1 are given the 
activity, the diuretic dose range utilized for the computation of the activ'ity, the 
mean log action (y) at mean log dose (x) of the substance and of the standard, the 
total dose-range tested, and the side-actions. In table 2 are presented more 
detailed data on several substances found to possess high diuretic activities, with 
the statistical analysis of the data. 

The results given in table 1 show that, in principle, acid amides are diureticaUy 
active but that simple amides are weaker diuretics than urea, and with increasing 
molecular weight the potencies of the homologues of acetamide decrease. The 
introduction of an OH-group in the o-position enhances the diuretic activity 
of the acid amides; and again the higher homologues are less potent. The 
furoj-1 group in the a-position'enhances diuretic activity more than the hydro.xy- 
group. Acetamidine is more potent than the corresponding amide or hydroxy- 
amide. Urea and simple urea-derivatives (thio-, methylated, urethane) are 
about equally active but doubling the urea chain yields substances of somewhat 
greater activity. Among the cyclic compounds containing the = N — C — N = 

group at least once, there were found three substances which equal or even surpass 
the xanthine diuretics in activity: melamine, adenine and formoguanamine. 
lilany closely related compounds, on the other hand, show no or only unimportant 
diuretic activitj'. 
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TABLE 1 


Diuretic actiiiti/ and side actions of the substances tested* 


NO 

StSSTAVCE 

USZTtl. DIURETIC 
DOSE BANCE 
(TOTAL pose 
RAVee tested) 

« c 8 

rp 

m 

HCASLAOACTIQ'tl) 

MEAN LOC DOSE X 

ACTivm-j 
nr 8UB> 
STANCE 

observations about 

NODE OF ACTION AT 

mM /kf 

Sub 

StABCe 

0/ca 



mil /kt 







AUpholic amides 







1 

Formatnide 

27 S -111 2 

4 



0 2 


2 

Acetamide 

21 15 - 42 3 

2 

1 310 

1 375 

0 45 






1 476 

1 248 



3 

N-Diethylacct- 

(4 35 - 17 39) 

2 



0 

; anesthetic, 17 4 


amide 






mM lethal m 








25% 

4 

Propionnmido 

13 68 - 34 2 

, 2 

135 

269 

0 4 

51 3m^I 



(13 68 - SI 3) 


I 335 

1 H5 


narcotic 

5 

n»Bulyramidc 

(14 35 - 2S 7) 

1 



0 

anesthetic 

6 

i-Bulj ramide 

(28 73 - 43 1) 

1 



0 

anesthetic 

7 

Malonamide 

10 42 - 34 72 

5 

241 

200 

1 12 






1 250 

1 132 



8 

Succmamidc 

(5 38 - 21 53) 

2 



0 


9 

Ethylsulfonamide 

11 47 - 22 93 

2 

525 1 

520 

1 14 






1 210 

1 248 




Hydroxy amides 







10 

Glycolamide 

S 32 -10 64 

3 

375 

417 

1 5 ! 






1 071 

1 310 



11 

Lactamidc 

7 02 - 14 05 

2 

290 

340 

1 57 




(7 02 - 28 1) 1 


1 09S 

1 248 



12 

1 Malicethyleatcr- 

4 60 - 7 76 ' 

1 

567 

558 

2 51 



amide 



779 

1 208 



13 

1-Malamidc 

9 46- 2b 39 

2 

053 

280 

0 7 






1 235 

1 271 



14 

d Tartramide 

8 44 - 10 88 

2 

204 

320 

0 5 ! 






1 075 

1 097 



15 

meso-Tartramide 

8 45 - 10 80 

2 

355 

435 

0 7 




(8 45 - 25 34) 


1 122 

1 213 



16 

Gluconamide 

(0 41 - 12 82) 

1 



0 1 



Cyclic amides 







17 

a-Furoamide 

0 70 - 2 81 

3 

401 

317 

12 8 

5 63 mM tOMc, 



(0 70 - 11 25) 


197 

1 208 


depressant 

18 

Tetrahjdrofuio- 

2 17 - 21 74 

3 



12 3 5 

diuretic action 


amide 






prolonged over 5 








hours 


Urea dertialncs 







19 

Urea 

8 3 - SO 0 

many 



1 0 : 

>35 mM 150- 








1957o of fluid fed 








excreted 

20 

Semicarba 2 id HCl 

0 330- 1 12 

2 



0 

2 24 mM convul- 



(0 336- 22 4) 





sions 
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TABLE 1 — Continued 





. K Z 
M O O 

IfEAN LOG ACTION y 



NO. 

SUBSTANCE 

USEFUL DIURETIC 
DOSE RANGE 

3 O -< 
u ^ 
W n {a 

5:32; 
® H o 

55 

UEAN LOG dose X 

activitv; 
OF SUB- 

f OBSERVATIONS ABOUT 




mM./kg. 



RANGE tested) 

Sub- 

stance 

Urea 




mll.fkg. 






21 

1 Biuret 

6.0 - 12.02 

4 

.186 

.292 

1.31 






.930 

1.248 



22 

Aminobiuret HCl 

0.81 - 2.02 

3 

.154 

.241 

9.1 

2.02 mM : convul- 



(0.81 - 4.05) 

1 


.108 

1.208 


gions, labored res- 
piration ; 4.05 mM: 
lethal in 50% 

23 

Carbonyl-diurea 

(8.56 - 25.69): 

2 



0 


24 

Thiourea 

13.14 - 26.28 

4 

.462 

.429 

1.1 




(13.14 - 32.88) 


1.270 

1.208 



25 

N-monometliyl- 

16.9 - 33.8 

3 

.315 

.214 

0.8 



urea 



1.377 

1.222 



26 

as-Dimethylurea 

8.51 - 21.42 

3 

.317 

.294 

1.7 






1.141 

1.235 



27 

sym-Dimethyl- 

14.19 - 28.38 

2 

.492 

.538 

1.0 



urea 



1.271 

1.341 



28 

Tetrametbylurea 

1.61 - 5.38 

3 

.281 

.372 

4.7 

>5.4 mM: anaes- 



(1.61 - 21.51) 


.503 

1.188 


thetic 

29 

Aoetylurea 

(24.51) 

2 



0 

crystalluria 

30 

Hydantoin 

7.5 - 25.0 

3 

.575 

.431 

2.5 






1.073 

1.273 



31 

Guanylurea sul- 

(3.7 - 7.4) 

2 



0 

( antidiuretio?) 


fate 







32 

Allylurea 

(25.0) 

1 


! 

0 

narcotic, toxic 

33 

Urethane 

8.43 - 12.64 

2 

.167 

.286 

1.0 

anaesthetic 





1.026 

1.097 



34 

N-methylurethane 

(6.07 - 24.27) 

1 



0 

24.3 mM: anaes- 
thetic 


Aviidincs: 







35 

Acetamidine HCI 

1.32 - 2.64 

8 

.2663 

.348 

6.5 

26.4 mM : labored 



(1.32 - 26.4) 


.272 

1.216 


respiration, con- 
vulsions, death; 
lungs hemor- 
rhagic 

36 

Creatinine 

8.84 - 22.1 

2 

.291 

.375 

0.7 






1.146 

1.164 



37 

Methvlguanidine 

0.51 - 2.05 

4 

.111 

.237 

13.4 

1.54 mM; toxic; 


sulf. 

(0.51 - 8.18) 


.054 

1.188 


2.05 mM: lethal 

38 

Biguanide sulf. 

4.4 - 6.28 

2 

.288 

.360 

1.95 

8.8 mM: lethal 


(4.4 - 12.56) 


.721 

1.120 



39 

Amines: 

Ethylendiaraine 

(HCl)j 

0.47 - 2.35 
(0.47 - 18.8) 

4 

.240 

.073 

.320 

1.178 

8.7 

If fluid was not 
neutralized: diar- 
rhea 

40 

Ethanolamine 

5.15 - 12.81 

4 

.442 

.389 1 

3.2 


aici) 

(5.15 - 25.63) 


.819 

1.276 1 

— ■ 
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TABLE I — Conttnued 


VO 

SCBaTANCE 

1 

vscn-inioitTic 
OOSC BAVee 
(TOTAL r>o«e 
HAVCt TESTSd) 

E = l 

C -71 

^58 

MFAX toe ACTlflV V 
VEAN toe SOSS Z 

ACTlVITVl 
or SVB 
STANCE 

OBSEBVATlONS ABOUT 
MODE or Acnos AT 
mM Ag 

Sub- 
stance ^ 

Orra 



mJf /kt 






41 

lS-3cetjlethanol- 

; 9 71 - 19 42 

2 

C65 

587 

1 9 



amine 



1 118 

1 313 



42 

l-Asparagine 

(9 5 - 19 0) 

1 



0 


43 

Glycimnhjclndc 

(11 0 - 22 0) 

1 

1 


0 

crystalluria 


Pyrimtdtne derna- 








attics 







44 

Guanine IICl 

(3 04 - G OS) 

1 



0 


45 

Uracil 

6 70 - 22 32 

4 

397 

375 ' 

1 7 

6 7 mM crystal- 





1 103 

1 203 


lurift, 17 9 mM 








bloody urine 

46 

5 Amino uracil 1 

4 92 *• 19 67 

2 

113 

423 

0 2 

— , unne brown 





993 

1 20S ! 



47 

Uramil 

(4 37 - 17 47) 

2 



0 

— unne red 

4S 

Isocjtosine 

2 14 - 21 36 

C 

304 

294 1 

2 6 

crystalluria 





900 

1 098 



49 

Thiamin HCl 

1 SI - 7 22 j 

3 

38S 

40S 

4 03' 



(Vitamin B,) 



60$ 

1 221 




PuTtnc dertiatiics 







50 

Adenine sulf 

0 0G2- 0 247 

6 

45G 

421 

139 0 

3 09 mM 25% of 



(0 002- 0 18) 


- 858 

1 245 


the rats dead af- 








ter three days 

51 

Xanthine 

4 93 - 16 44 


127 

422 

0 1 






035 

1 203 




Cyanunc acid ticrua 








flies 







52 1 

Cyanunc ncul 

2 91 - 9 6S 1 

4 

247 

' 460 

1 7 






756 

L 152 



53 

Tnmeth)l-n- 

(0 IS - 2 92) 

4 



0 

depressant 


cyanurate 







54 ; 

Tnmethyl iso 

0 73 - 2 19 

3 

192 

2SC 

11 0 

3 CO mM depres- 


cyanurate 

(0 73 - 7 31) 


111 

1 179 


sant 

55 

Ammelide 

(1 95 - 19 52) 

3 



0 


56 

Ammeline 

(3 03 - 19 66) 

2 



0 


57 

Melamine 

0 1-10 

9 

4023 

4203 

76 5 

>10 mM 140- 



(0 1 - lO 01 


- 6627 

:i 213 


160% of fluid fed 








excreted, crystal- 








luria 

5S 

Pormoguanaminc 

0 023- 0 09 

6 

362 

3S8 

347 1 




(0 023- 2 23) 


-1 346 

1 232 



Sn 

Acetoguan mime 

10-50 

5 

190 

392 

4 5 

5 0 mM diarrhea 



(0 2 - 10 0) 


309 

1 228 



60 

Carboxy aceto- 

(1 85 - 11 83) 

2 



0 



gunnaminc 
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TABLE 1— Concluded 


NO. 

SUBSTANCE 

USEFOX BfURETIC 
DOSE BAKCE^ 
(tOTAX DOSE 
RANGE TESTED) 

^ o S 

xSS 

« « o 

:s8 

z 

mean XOO action V 

ifEAN IOC DOSE X 

. 

activity; 
or sub- 
stance 

OBSEHVATIONS ABOUT 
MODE or ACTION AT 

mM./kS* 

Sub- 

stance 

Urea 









61 

Levulinoguan- 

(3.45) 

. 1 



0 



amine 







62 

a-Furoguanamine 


5 



0 

depressant, diar- 








rhea 

63 

a-Furoacrylo- 


4 

.234 

.350 

11.1 

>1.23 mM: lethal 


guanamine 



-.030 

1.208 


within several 








days 

64 

4-Aininobenzo- 

2.46 - 4.92 

1 

.241 

.257 

3.5 






.542 

1.169 



65 

2-Piienylcincho- 

(1.99 - 3.98) 

1 



0 










66 

Acetoguanide 

(4.96 - 19.84) 

3 



0 


67 

Aminoacetoguan- 

4.46 - 10.71 

2 

.272 

.360 

1.7 



amine 




1.169 




Faria; 







68 

Allantoin 

(7.91 - 36.64) 

2 



0 


69 

Urazol 

(7.43 - 24.75) 

2 



0 


70 

Barbituric acid 

(9.76 - 19.51) 

2 



0 

diarrhea 


* All substances tested n'ere chemically pure agreeing in analytic and physical constants 


with data in the literature. 

1 0 means; doubtful or insignificant diuretic activity. 

Melamine alone, among the highly active compounds, was found to represent 
the urea-type of diuretic action in that it has linear dose-action curve which 
begins to flatten only at levels of excretion considerably greater than 100 per 
cent of the administered water. No side actions or decline of the curve by over- 
dosage are observed. On the other hand, adenine and formoguanamine, with 
activities greater than melamine, are not able to drain tissue-water from the 
normal rat. They, therefore, are similar to theobromine in their diuretic action. 
Besides these, a considerable number of substances were found which have 
biphasic dose-action curves, due to side-actions. Examples of this type are the 
higher amides, furo-compounds, araidines, and amlnourea deriv^atives. 

Still another factor may be involved in the evaluation of a substance as a 
diuretic, namely the time factor. The potency of tetrahydrofuroamide was found 
to change with the duration of the diuretic experiments. When the urinary 
excretion was measured as usual at the end of 5 hours the activity of tetrahydro- 
furoamide was found to be 1.2. But it was apparent from the rate of excretion 
at the end of the period that its diuretic action would be prolonged over five 
hours in contrast to urea and most of the other substances. Consequently, when 
the urinary excretion was measured at the end of eight hours, its potency was 
found to be 2.2, and at the end of 22 hours, 3.5. 
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TABLE 2a 
35 Aeelantidtne II Cl 




IOC ACTIOVS 

or toe (mM Ab 1 doses | 

i 


rcinf ' 
DATE 

EX 

ClETlON 

1 AceUtnidinf ^ 


Vtn 


1 Actlxmid ne 

Urea 

ACTIVITY 

121 

121 

1 »T 

1 J|9 

1 348 


19V 

8-5 

per ctitt 

C5 1 

- 097 

097 

- 046 


152 

i 6-145 

6578 

7 94 

8-6 

24 9 

152 

316 

243 


464 

5449 

7342 

G 24 

8-10 

24 1 

294 

462 

246 

44C 


5582 

9009 

9 23 

8-n 

j 25 1 

j 2C7 

373 

330 

1 403 


3522 

7342 

! 5 82 

JWl 

8-16 

20 3 

257 

261 

222 


560 

0133 

1 1229 

10 2 

0-17 

22 3 

038 

280 

237 


561 

S339 

1 0764 

5 43 

9-21 

1C 8 

273 ! 

3S1 

425 


&40 1 

3583 1 

7143 

4 20 

9-24 

17 0 

417 

4S1 

156* 

439t 


2126 

9402 

10 5 

mean 

X 

y 

Q 





1 

4303 
± 0922 

2715 

2663 

8 

8656 
db 0979 

1 216 

348 

8 



" log dose - 0 021 
t log dose « 1 222 

Since the slopes are not parallel , the activities are not equal at different levels of effect 
Computed for j «■ 30715, the a\crage log response of nil observations, mean activity 
»65 


table 2b 

so Adenine Sulfale 


EXTEltU 

DATE 

COKTAOI. 

EXCIETIOn 

LOG ACTIONS or IOC (mAI AB ) doses 

Adenine sulfate | 

Urea 

-I 109 j 

-90S j 

- Ml 

1097 j 

1 111 

I 319 

1 398 


Per <rnl 








6/1/42 

18 2 


491 

747 

352 


600 


6/2/42 

11 0 


37S ' 

575 


303 


452 

6/3/42 

23 6 

220 

496 


265 


479 


9/8/43 

26 0 

125 

326 


250 



466 

9/10 1 

15 4 ! 


404 

715 1 

415 1 



721 

9/14 1 

14 1 


345 ' 

645 1 

277 



476 


No significant %ariation in slope between urea and adenine sulfate was found Hence 
uavwgvbe. combined ?.\ope,V)e = i:0t}50,\V = 2 Oi4, nod mean ootwvty 139 -ill 


DiscusbioN The evjiei imcntal results obtained in this and the previous paper 
on normal rat‘5 can be presented m tbrcc diffeient wajs. 1) The regression line 
IS obtained by plotting log action a^ a function of log dose. Thus the diuretic 
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TABLE 2c 
57. Melamine 




IOC ACTION'S OF LOG (mM./kg.) DOSES 

DATE 

CONTROL 

EXCRETION 

Melamine 

1 Urea 



—.827 

! —.703 

—.526 

! —.m 

1.097 

1.319 

1.393 

mz 

per cent 




i 




4-16 

15.5 


.5G0 

j 

.70G ! 

.458 

.025 


8-13 

28. G 

.217 


1 .338 1 


.158 

1 

.413 

8-14 

19.5 

.382 


1 .539 ! 

1 ! 


.324 

i 


.G07 

1^43 




! j 





8-17 

27.4 

.243 


1 .377 1 


.114 


.4GG 

8-18 

21.8 

.193 

j 

.420 ] 


.340 


.560 

8-19 

i 24.7 

.097 

; 1 

.407 j 


.200 


.408 

8-20 

18.7 

.372 


.571 j 


.241 ! 


.548 

8-25 

15.9 

.350 


.GSS 1 


.421 j 


.670 

S-2G 

19.5 

.150 

j 

.020 1 


.344 


.542 


No significant variation in slope between urea and melamine was found. Hence using 
the combined slope, be = .813±.000,M = l.SSd ±.027and mean activity = 70.5 ±-1.8. 


TABLE 2d 
5S. Formoguanaminc 


DATE 1 

CONTROL j 
EXCRETION I 

j LOO ACTIONS or LOG (mM./kg.) DOSES 

Formoguanamine 

j Urea 



-1 647 

1 -1..UO ' - 

-1.045 

1. 018 1 1 097 1 1.222 

1.319 

1.398 


per cent . 


i ; 


i i 



6/10/42 

19.0 


.450 \ 

.772 

i 1 .382 


.508 

4/19/43 

22.9 

.281 1 

.329 . 


j .3GS ; 


.555 

4/21/43 j 

44.2 

-.331 

.175 ‘ 


.004 1 ; 

.210 


4/22/43 

32.5 

.012 

.315 , 


' , I 

.341 


4/23/43 

26.1 


.400 1 , 

.547 

.340 . 


.521 

4/20/43 

17.4 


.045 ’ 

.721 i 

.503 ! 


.701 


No significant variation in slope between^rea ami Formoguanaminc was found. Hence 
using the combined slope, be = .GSG ±.123, M = 2.3W5 ±.0472, and mean activity = 347.1 
zfc3/ ./ . 


potency of tlie .stibstauce and the .slope of it.s regression line are determined. 
The diuretic potency is merely tlie ratio of the millimole.s of urea to tho.se of the 
siib.stance producing the .same urinary excretion as urea. The slope and a change 
in the .slope of the line.s may give .some indication of .similaritie.s in action. The 
regrcs.sion lines of mo.st of the substances tested are parallel to that of urea; but 
there was found one .sub.stance, sodium acetate, with a significantly steeper slope, 
and another, acetamidine hydrochloride, with a significantly flatter slope (fig. 1). 
In contrast to such substances as urea, melamine, adenine and formoguanamine 
there were found a number of s«b.stance.s with complex dose-action curi-es de- 
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cre‘\singat“o\erdo';cs " ^Vmong this type of substances must be listed theophyl- 
line and caffeine Such a curve indicates that the particular substance is toxic, 
because the excretion of urine is lessened cither directly (Hg, Bi), or indirectly 
2) If the urinary excretion in percent of administered fluid is plotted as a 
function of log dose, t\\ o tv pes of diuretics can be discerned Tiic first typo when 
used in reasonabh high do'^s lemovcs as urine more than 100 pel cent and up to 
200 per cent, of the water fed This means that tissue fluid can be drained by 
such substances as urea, lactamuie, melamine and salyrgan (fig 2) In contia«t 



<4 AeriviTf 
Slops. 


Flo 1 

to this, the second type of substance, although producing a considerable diuresis, 
(i e an accelerated uimai-y excretion as compared w ith control animals) is able 
only to lemove excess ti'?sue water from the lats even m high, non toxic doses 
So the urmary excietion does not exceed 100 per cent of the water fed Among 
the diuietics in common use theobromine was found to rcpie«ent this type, and 
among the new substances studied fonnoguanamine and adenmc sulfate 

As mentioned alreadv in the previous paper, we assume a physiologically 
limiting factor rather than the chemical properties of the particular substances is 
responsible for this phenomenon 
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3) When urinary excretion is plotted against time after feeding most of ti 
substances tested show only minor differences from each other and from ure 
in laten t period and the steepness of the curve. Minor differences are apparent! 



Fio. 2. Per Cent Excretion of Water Administered, in S Hours bt Various Diuretics 
• mean values for urea, ® highest iadiridual value obtained. 

A mean values for theobromine, A highest Individual value obtained in II experiments. 
+ mean values for melamine, © highest individual value obtained. 

O mean values for formoguanaraine, O highest individual value obtained in 12 experi- 

■ individual values for adenine sulfate, ® highest individual value obtained in 7 ex- 
periments. 

due to the somewhat different speeds of absorption. In three instances, how- 
ever, namely salyrgan, bismuth sodium tartrate and tetrahydrofuroamide, the 
period of the diuretic action of the substance was considerably prolonged. There 
is some doubt in the case of the metal-organic substances whether this is due 
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mainlj to the slow rate of absorption of the compound or to the ionization of the 
metal, or both In the ca^^e of tetrahjdrofuroamule the dela} is probabU due 
to a metabolic o\idation to the highly active furoamide 
Among the man> amides, amines and related compounds which were tested for 
diuretic activitj, there are a number which demonstrate the dependencj of 
the biological action upon the chemical structure The following representative 
examples, of which the chemical formulas and potencies are given, will make 
this clear. 


H,N— CO—NH— CO— NH— NH, HCI 


aminobmret (9 1) 


.N— CO— NH, (H,N— CO— ).NH (H,N— CO— NH— ), CO 

urea (1) biuret (1 34) carbonyl diurea (0) 

i . . 

H,N— GO— NH— CO CH, HN— CO— NH— GO CH, 


acetyl urea (0) glycolyl urea (hydantom) (2 6) 


H,— CO— NH, CH, (OH)— CO— NH, 

acetamide (0 45) glyeolamide (1 7) 



-♦ HC CH » n,C CH, 

n II II 

HC C— CO— NH, H,C CH— CO— NB 

cffuroanude (13 0) tetrahydrofuroamide 


H,— CH,— CO— NH, CH,— C(**NH)— NH, HCI (12-35) 

propionamide (0 4) acetamidme (6 5) 


H,— CH,— CH,(OH) HCI -» CH,— CO— NH— CjH, (OH) -» H,N— CH,— CH,— NH, 2HC 

etbaaolomine (3 2) N acetyletbanolamino etbylendiamine (8 7} 

( 18 ) 


R, 

1 



1 

C 

/ \ 

tnoxy — ► ammo, dioxy — i 

► dianuno, oxy — > tnamino 

N N 

i [| 

cyanunc acid ammehde 

aromehne melamine 

C C— R, 

(1 4) (0) 

(0) (76 5) 


i 


N 

Ri=H diammo —* R,— CH,, 

diamino > R,=H,N — CH, diamino 


formoguanaimne acetoguanamme ammoacetoguanamine 

(347) (4 5) \ (17) 

Ri— CH,, monooxy, monoamini 
acetoguanide (0) 


M 


AMIDES AS mVBETICS 


OCH, 

I 

G 

^ \ 

K N 

H,CO — C C — OCH, 

\ / 

Is 


O 

II 

c 

/ \ 

(CH,)— N N(CH,) 


0=G C=0 

\ / 

X 



CH, 

n-trimethylcyanuTate trimetbyl-ieocyaaUTate 

Cll.O) 


2,6-dioxy 

uracil 

(1.5) 


2,6'dtoxy, S-amino — > 2-anjino, 4-oxy 
amino-vraci] isoe3'tQ8ine 

(0) (2.7) 


2-inethjd, 5-11, 6-amino 
thiamine HCl (Vitamin B,) (4.1) 



C= 

I 

C— X 
1! 

C— X 


\ 


c— 


theobromine (7.2) 

r. - 

6-amino — + 2-amino, 6-o.vy 2,6-dioxy— ^caffeine (32) 

adenine guanine .\anthine \ 

(0) theophylline (115) 


From this report it can be concluded that urea, the known xanthine diuretics, 
melamme, adenine and formoguanamine a.s.o. are representatives of one group 
of pharmaca containing the chemical group = X ~ c — X = and characterized 

diuretic action. > 

SVMilARY 

1. Seventy amides, amines, amidines, urea, pyrimidine and purine derivatives 
and amino derivatives of the cyanuric acid were tested by the rat assay method 
for diuretic action. IMelamine, adenine and fomioguanamine were found to be 
potent diuretics. 

2. The dependency of diuretic activity upon chemical structure was discussed, 
and some vdeu'-points of diuretic action presented. 


The authors wish to thank Dr. G. I. Bliss for his advice and help in the statisti- 
cal analysis of the data. 
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Recently (1) it was reported that in man, administrations of posterior pituitary 
preparations nhicli contain the oxytocic fraction produce a transient but pro- 
nounced reduction in the arterial pres.siire. Proof was presented many years 
ago (2, 3) that this is tnic in the fowl. Yet, investigations of possible cardio- 
vascular actions of oxytocin in man have been neglected probably because such 
a response is absent or very small in the mammals generally .studied in the labora- 
tory, i.o. dogs and cat.s. Vasodilation of cerebral vessels (4, 5) and marked 
reduction in the arterial pressure (5) have been observed in man following tlie 
administration of posterior pituitary extracts, but the importance of oxytocin 
in these responses was not determined. 

The cardiovascular changes in mammal.s pro<luccd by pituitary preparations 
arc at picsent attributed to the vasoprc.ssor principle (G). Only tliree reports 
have been found which indicate that the oxytocic faction Im.s any influence upon 
the mammalian catdiovascular system. Guddum (7) stated that oxytocin 
caused a tran.sient reduction in tlic blood picssure of some cats. Stehle (8) 
fiom studies on dogs believes tliat pres^^or and depressor actions may be inherent 
properties of the oxytocic molecule. Melville (9) observed in clogs that the 
oxytocic fraction antagonized but did not aboHs!) the cardiac effects of the pre-s- 
sor principle. 

The depressor effect observed in the fowl is reported to result fiom peripheral 
vasodilation (2, 10) and to be limited by the simultaneous powerful stimulating 
effect of posterior pituitary preparations upon the auricles and ventricles (2), 
Previous administration of atropine to tlie bird prevented the increase in ventric- 
ular amplitude (2) but did not abolish the fall of blood pressure (2, 10). Ap- 
parently acetylcholine activity is responsible for the cardiac cffect.s. U has 
been suggested and disproved (10) that acetylcholine or histamine are responsible 
for the reduction in the blood pressure. 

In the present study with 33 patients the mechanism of the fall in arterial 
pressure has been investigated in man. Arterial and venous pressure studies 
were accomplished using the hypodermic manometer (11 , 12). In a few patients 
electrocardiograms, finger volume changes and arterial pressure pulses were re- 
corded simultaneously. 

Results .\nd Discussion. “Pituitiin” injected intravenous^' in 3 units doses 
or into the wall of the uterus in 10 units dose.s caused a transient reduction in 

* Aid from n grant from Eli Lilly .-ind Company is gr-attfully ockiiowledgoil. 
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the arteiial piessure of 30 to SO mm. Hg, Within 2 to 5 minutes after the in- 
jection the blood pressure had returned to the pre-injection Jevei. As shown in 
hgs. 1 and 2, this reduction in blood pressure was produced by “pitocin” using 3 
units of o.xytocic activity, but was not produced by “pitressin ” using 0.3 or even 
3 units of vasopressor activity. These data, repeatedly ob.served from 28 pa- 
tients, prove that this depressor action was related to the oxytocic fraction of 
the posterior pituitary preparation, rather than t o the vasopro.s.so!- f j-action. This 
depressor action was obtained in males and in non-pregnant and in 3 and G 
months pregnant females. In three patients intramuscular injections of 10 
oxytocic units lowered the arterial pressure 5 to 10 mm. Hg for periods beginning 
about I minute after the injection and continuing 5 minutes. Failure of earlier 
workers (13) to observe this depre.ssor effect in man can be ascribed to their failure 
to measure the arterial pressure immediately aftei’ tlie injection. 


JWr'ev>«VWytA''iAW/i'/VV 

-0 ; 0 

Fra. I. From above downwards: V'cnoiis pressure pulses from the internal jugular, 
brachial arterial pressure pulses and b.ase line interrupted at intcrv.als of 10 seconds. Left 
(racings are from a female patient age -tS, weight 5S kgm. Intrnyenoii.s injection of 3 
oxytocic units of "pitocin” at “0” lowered (he arterial pressure within 2D seconds from 
175/llQ to 125/60 mm. Hg, and raised the venous pressure 1 or 2 mm. Hg, One minute 
later the arterial and venous pressures had nearly returned to the pro-injection level. 
Right tracings are from a male patient age .36. weight 08 kgm. Tlie camera was operated 
with the photosensitive paper moving rapidly, i'liis "spread out” the pressure pulses 
so that the contours could bo investigated. The records in the figure were obtained im- 
mediately before, tliirty seconds after and two minutes after the intravenous injection of 
3 o.xytoeic units of “pitocin." Wiu'lc the arterial pressure was reduced from 140/85 to 
115/68 mm. Hg, the pressure pulse contours (middle tr.acingj showed none of the char- 
acteristic changes which are associated with vasodilation, see text and compare with fig, 3. 


Superficial investigations of the relationship between the amount of the effect 
and the size of the dose sugge.st that through the do.se range from 1 to 4 units the 
relationship is fairly linear. In two patients intravenous administrations of 10 
oxytocic units of “pitocin” elicited responses wliich were approximately 10 per 
cent greater and longer than those produced by injection of 4 nnit.s into these 
patients. Apparently intravenous doses of 10 units produce effects correspond- 
ing to the upper flat part of the usual parabolic effect dose curve (14). Slight 
tachjTihylaxis was observed in man from four intravenous injection.s of 3 units 
of “pitocin” at 10 minute intervals. However, a.s in the fowl (10) and in the 
rabbit (15) larger doses might produce marked tachyphylaxis. 

In the absence of anesthesia cardiac acceleration accompanied the low blood 
pressure. This acceleration, however, could be psychic in origin since “pitocin” 
did not modify the cardiac rate in the presence of ether anesthesia (3 patients) 
and cyclopropane anesthesia (7 patients). The blood pressure response to 
oxytocin was not modified by the previous administration of 2.5 mgm. of atropine 

sulfate though of course the heart wa.s accelerated. During the period of the 
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low blood pressure the internal jugular pressure increased 1 or 2 mm. Hg (fig. 1). 
This agrees with earlier observations (5) and could have resulted either from an 
incrcasicd venous return secondary to peripheial V'asodilation or from back pres- 
sure arising from decreased cardiac output. Both possibilities have been in- 
vestigated. 

Proof that peripheral vasodilation is not responsible for the low blood pressure 
in man has been obtained from pulse contour studies and from finger volume 





.w\ 



(. 

I 

"pitocin” at “O’ 


\Ner Tracings — 3 yasojircssor units of ’“pitressm" 


me changes 
10 seconds, 
nlly in good 
.. ■ tcic units of 
Qt “V ” Control 


pressure pulses so that the contours could be investigated, see tc\t and compare uith 
Fig 3. 

tracings. Histamine or amyl nitrite, drugs knouix to cau'jc vasodilation, pi oduce 
changes in the pulse contours which are characteristic of vasodilation (IG) (fig. 3). 
These arc 1) for any given pressure on the diastolic portion of the contour the 
rate of pressure descent is increased, 2) the pulse becomes more central in type, 3) 
standing waves are less pronounced and 4) the anacrotic notch appeare or be- 
comes more pronounced. These pulse contour changes which aie characteristic 
of vasodilation (fig. 3) weic not present after the injection of cithci “pituitiin” 
or “pitocin” (fig. 1, 2). Arteiial pressme and finger volume tiacings were 
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recorded sim^ltaneousl3^ These records did show some delayed increase in finger 
volume and finger pulse, which are evidences of vasodilation. However, these 
only appeared 90 to 120 seconds aTer the maximal fall of arterial pressure (fig. 2). 
Intravenous injections of pituitary preparations which contain the oxytocic 
principle bring about some vasodilation in man as in the fowl but the reduction 
in the arterial pressure in man precedes and is independent of any vasodilation. 

Additional proof of the insignificant role of vasodilation was obtained from a 
patient with complete coarctation of the aorta where the arterial “Windkessel” is 
divided into two segments, one above and one below the coarctation. Earlier 
studies (17) have shown that vasodilator drugs increase the collateral circulation 
and reduce the pulse transmission time around the coarctation thereby lowering 



Fig. 3. Electrocardiograms lead 2, brachial arteri.al pressure pulses and base lino inter- 
rupted at intervals of 1 second. Blood pressure scale is shown in units of 50 mm. Hg. 
Tracings were obtained from a male patient age 32, weight 74 kgm. At the break in the 
records 0.005 mgm. histamine phosphate was injected intravenously and 30 seconds of 
the record has been deleted. Histamine which is known to cause peripheral vasodilation 
produces pulse contour changes which are characteristic of peripheral vasodilation: 1) for 
any given pressure on the diastolic portion of the contour the rate of pressure descent is 
increased, 2) the pulse becomes more central in type, 3) standing waves are less pronounced 
and 4) the anacrotic notch appears or becomes more pronounced. 

the blood pressure in the upper segment and raising it in the lower one. As 
shown in fig. 4, the intravenous injection of 3 oxjTocic units of “pitocin” did not 
produce these changes but did markedlj- reduce the arterial pressures and pulse 
pressures above and below the coarctation. It also doubled the pulse trans- 
mission time around the coarctation. These changes can be cau.sed only by a 
marked decrease in the cardiac beat and minute output. In the presence of 
normal or low arterial pressure decreased cardiac output only can result either 
from decreased venous return or from feeble cardiac contractions. Venous return 
was apparently adequate (.«ee venous pressures fig. 1). Tliese data prove that in 
man intravenous injections of “pitocin” markedly weaken cai-diac contractions. 

In 3 of the 4 patients studied, the electrocardiograms (fig. 2) show flattening 
of the T wave and a shortening of the iso-cIectric period throughout the period 
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of the lo^\ blood prcs'sure The^ic arc characteristic of h\po\ia and anoxia (18) 
and could conceivablj rebuilt from a reduced coronary blood flow Yet the fact 
that the«e electrocardiographic changes are pronounced as soon as the blood 
pressure starts do\Minards indicates tliat thej arc not manifestations of an> 
reduced coronar\ blood flow secondary to the lou blood prc«!sure Coronary 
constriction probablj doe«! not occur smcc **pitocin” produces a transient pro 
nounced fall m the arterial piossure of labbits and it does not cause coronarj 
xasoconstriction but actuallj causes slight coronarj \asodilation in perfused 
rabbit hearts (19) The electrocardiographic changes produced b\ “pitocin” 
resemble those produced b^ histamine Yet, the ncak cardiac contractions 
and the msignificant amount of xasodilation present after the injections of 
“pitocin” are not charactcnstic effects of histamine (see aboic) 


Fig 4 Reproductions of brachial and femoral arterial pressure pulses secuied from 

*' ire show n m units of 23 

At tl e left are shonn 
ulse contours obtained 
pitocm at the right 

ttttf, n eai' •« I OJ m n ♦<»« fl n n oA* An nffpr thp in 


The electrocardiographic changes produced bj “pitocm" along uith the feeble 
cardiac contractions, the \ow blood pressure and small pulse pressure are tj pical 
of anoxia and might be manifestations of an mterfeIence^\lth oxidative processes 
of the heart This possibilitv is not m disagreement v\ ith the observ ation (20) 
that in dog's “pitocm" causes little or no inteifeience with oxidative processes 
Absence of this effect m dogs does not prov e its absence in cardiac tissue m man 
since m dog^j “pitocm” pioduces little or none of the cardiac and blood pressuie 
changes which were observed in man 

The “pitocm" effects in man differ fiom thoae reported in the foul In man 
it is cardiac in origin while in the foul vasodilation is responsible In addition to 
this, man reacts to a much smallei injection and no definite acct> ichohne activ itj 
of oxjtocin could be demonstrated The absence of appieciablc acetjlcholme 
effects in man could icsult fiom theextiemeh lapid late of acotv Icholine destiuc- 
tion m man (21) 

Tlicse studies do not disagree with the fact that the v i^opies-^or punciple of 
po-'teriorpituitarj prcpantioii'-liabcaidiovasculai actions Thoj •show that the 
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oxytocic principle also has cardiovascular actions in man. Of course “pitocin” 
is not a solution of a pure chemical compound. Yet, these cardiac effects are 
associated with the o.xytocic fraction of pituitarj' preparations and may well be 
caused by the oxjdocic substance or substances. 

CONCLUSIONS , 

The species variation of the action of the oxidocic principle of posterior pitui- 
tary preparations is pronounced. 

In man, pituitary preparations which contain the oxytocic fraction, transiently 
reduce the arterial pressure, weaken cardiac contractions and usually influence 
the electrocardiogram. These changes are not caused by either histamine or 
acetylcholine and apparently do not originate from a reduced coronary flow. 
Vasodilation sometimes also occurs, but it is independent of and is not responsible 
for the cardiac and the immediate blood pressure changes. 
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We have already reported that daih intramuscular injections for four months 
or more of partially punfied hog renal extract contammg renm (in doses of 1 gm 
of fresh renal cortex equivalent per kg of bod> weight) produced striking re 
ductions m the blood pre'isurcs of renal h3T>ertensi\e dogs, whereas partially 
purified heat mactivated hog renin and partially punfied dog renal extract con- 
taining renin each m 1 gm do^c< were without anlihj'perten‘»i\e effects (1, 2) 
We pointed out that the«e therapeutic effects might be due to some tjTie of im 
mune response to heterologous hog renin or to the antihj'pertenaive action of 
some substance in the non renin fraction of the partiallj punfied hog renm solu- 
tion We also indicated that antirenm was most probably not m\ ohed m the 
antih>’pertcnsive mechanism although this possibilitj, with reservations, was 
ongmallj suggested bj us (3) 

In order to determine whether the antihypertensive potencj of partially pun- 
fled hog renm is due to renm or the non renm fraction, we have compared the 
therapeutic effects of highlv punfied hog renm with partiallj punfied hog renm 
m renal hjpertensive dogs In order to obtain further mformation concemmg 
the heat labihtj of the active prmciple and the influence of homologous versus 
heterologous renins respoctivelj we have also studied partiallj purified heat 
mactivated hog renm and partiallv punfied dog renm m larger doses than pre 
viouslj emplojed bj u*' Renal hypeitensive dogs were also treated with 
partiallj punfied hog liver extract prepared after the manner of renm to control 
the possibihtj of a non specific, foreign protem factor Antirenm studies were 
made to clarifj further the relation of this antibodj (antienzj me or antihormone) 
to the mechanism of the antilijiiertensive effect of partiallj punfied hog renm 

Methods Themethodsusedwere mgencral similar to those previousb emplojed by 
us Mean blood pressure readings were obtained by puncture of a femoral artery two or 
three times a week Blood urea nitrogen determinations urinaljses, and determinations 
of the body weight were made at monthlj or bimonthly intervals and more frequently when 
indicated The hypertensive dogs emploj cd in this etudy w ere subjected to a normotensive 
control interval of tw o months prior to constriction of the renal arteries follow ed by a mini 
mum period of four months for stabilization of the hypertension The partiallj purified 
renal and liver extracts were prepared essentially by the method of Grossman (4), except 
that cold acetone instead of alcohol was emplojed as a dehjdratmg agent and much of the 
associated protein was removed by isoelectric precipitation Partiallj purified hog renm 


‘ This work was aided bj grants from the John and Mar\ R Markle Foundation Parke 
Davis and Companj and the Graduate School Research Pund of the Universitj of Illinois 
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was juactivated by heating at 70°C. for one-hali hour. So-called highly purified hog renin’ 
was prepared from partially purified hog renin by an ammonium sulphate precipitation 
which enabied removal of 84 per cent of the non-renin substances without apprecinbiy 
affecting the amount of renin pressor activity. The partially purified renal and liver 
extracts were equivalent to 2 gm. of fresh tissue per cc. of solution and the highly purified 
renal extract to 5 gm. of fresh tissue per cc. The solutions were kept at 4‘‘C. and preserved, 
rvith 0.5 per cent phenol. 

Treatment consisted of daily intramuscular injections for a period of six months. Five 
renal hypertensive dogs were treated with highly purified hog renin in a 3 gm. dose of fresh 
renal cortex equivalent per kg. of body weight and five other dogs with a 1 gm, dose. Three 
hypertensive dogs were treated with pattialiy purified heat-inactivated hog renin in a 3 gm. 
dose; four dogs with a 3 gm. dose of partially purified dog renin; and three dogs with hog 
liver extract (prepared after the manner of partially purified renin)* in a 3 gm. dose. 

Blood serums were examined for antirenin before treatment, semimonthly during treat- 
ment and monthly or bimonthly after treatment. The technique consisted essentially in 
mixing the test serum with partially purified renin (1 cc. equivalent to 1 gm. of fresh cortex) 
and assaying immediately or shortly after by intravenous injection of the mixture into the 
etherized, nephrectomized dog. The presence of antirenin, of course, is demonstrated by 
partial or complete neutralization of the usual pressor effect of renin. The usual dose of 
renin solution was 0.25 cc. per kg. of assay animal. Antirenin titres were determined by 
using roi.xtnreg of serum and renin varying from 0.25:1 to 4:1, although a 2:1 volume ratio 
was most commonly employed. The serums tested for antirenin were suitably controlled 
with serums from untreated normotensive and untreated hypertensive dogs. Antirenin 
titers were regularly ascertained for dog renin and less frequently for hog renin. 

Results. 1. Highly Purified Hag Renin, (a) S gm. dose. The first dog 
of this group with a pretreatment hypertensive range of 150-180 mm. Hg showed 
a gradual decrease in blood pressure during the six months’ period of treatment 
until the preconstriction normotensive level of 120-140 ram. Hg was reached 
huring the last month of therapy. During fourteen months after treatment, 
the blood pressure has remained in the normotensive range with a slight tendency 
to rise (fig. 1). The second dog showed a reduction in blood pressure during 
the second and third months of treatment from a hypertensive level of 150-180 
mm. Hg to the normotensive level of 120-140 mm. Hg. Three and one-half 
months after therapy the pressures were still in this range when the dog died of 
lobar pneumonia. The third, fourth, and fifth dogs showed blood pressure 
decreases during the second and third months of therapy from hjTiertensjve 
levels of 170-190, 140-180, and 170-190 to ranges of 140-1(50, 120-150 and 140- 
170 which were 10-30 mm. Hg above the preconstriction normotensive ranges 
of 130-150, 100-120, and 120-140 mm. Hg, respectively. No further reduc- 
tions in pressure occurred during the last three months of treatment. The 
-third dog died from an improperly administered anesthetic two months after 
therapy. The blood pressures of the remaining two dogs gradually returned to 

’Highly purified hog renin was supplied through the courtesy of Dr. Oliver Kainm of 
Parke, Davis and Company. 

' * In other words, mirreed hog liver (which, of course, is devoid of renin) was successively 

dehydrated with cold acetone and ether. An alkaline-saline extract of the resulting powder 
was brought to a pH of 4.7 and the precipitating proteins removed. The filtrate with 0.5% 
phenol added is herein.after referred to as “hog liver extract” or "hog liver extract prepared 
after the manner of partially purified renin.” 
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the pretreatment hypertensive levels during the first five months following in- 
jections. The blood pressures of the fifth dog are recorded in fig. 2. 

Antirenin became demonstrable in the serum of the first dog one month after 
the beginning of treatment and was still present in moderate (1:1) titer fourteen 
months after treatment was discontinued. Antirenin appeared in the serums of 
the other four dogs one, four, four, and one months respectively after the be- 
ginning of treatment and disappeared one, two, one, and two months following 
treatment. 

(b) 1 gm. dose. The first dog of this group showed a hypertensive range of 
150-180 mm. Hg which decreased gradually to a level of 130-150 during the 
first four months of treatment but not to the preconstriction normotensive range 
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' of 120-130. Following therapy the pressures gradually rose to the pretreatment 
hypertensive range over a period of eight months (fig. 3). The second, third, 
fourth, and fifth dogs with original normotensive levels of 120-140 and hyper- 
tensive ranges of 140-180, 150-180, 160-190 and 150-180 showed no significant 
changes in blood pressure during treatment or for eight months thereafter. Fig. 
4 which illustrates the blood pressure record of the fourth animal is typical. 

Appearance and disappearance times for antirenin were not determined for 
this group. Quantitative antirenin assays during the fourth, fifth, and sixth 
months of treatment showed minimum complete neutralization ratios of 4.1, 
0.25:1, 0.25:1, and 0.5:1 respectively for the first four dogs. Quantitative 

assays were not done on the fifth dog. „ , , j 

% Parliallij Purified Heat-inacHvaled Hog Renin. The first and second dogs 
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of this group sho^\ed normotcn«i\c le^cIs of 120-140 and 90-120 mm Hg and 
pretreatment hj'pertensu e le\cls of 140-170 Durmg the injection period there 
was a decrease in pressures to 110-140 and 120-140 respecti\cl> with a gradual 
return to near pretreatment hypertensive levels during the fourteen months fol 
lowing treatment The results for the second dog are «:howTi in fig 5 The 
third animal with a normotensive level of 120-140 showed no important change 
from its hypertensive level of 150-180 during treatment The slightly lower 
pressures of this dog during the four months following treatment are not con 
sidered significant (fig G) 

None of these dogs developed antircnm during or after treatment 

3 Partially Purified Dog Renm Tlie four dogs of this group showed normo 
tensive levels of 110-130, 120-140, 120-150 and 120-140 mm Hg and hyperten 
sive ranges of 140-170, lCO-180, 190-230 and 140-180 re&pcctiv civ There w ere 
no significant changes during treatment or during a fourteen months’ period 
follovvmg treatment Fig 7 for the fourth dog is more or le«s typical 



None of the dogs developed antirenm durmg or after treatment 

4 Hog Liter Extract Prepared after the Manner of Partially Puufied Renin 
The three dogs comprismg this group had normotensive levels of 110-130, 120- 
140, and 120-140 and hypertensive levels of 150-180, 140-190, and 140-180 mm 
Hg respectively There were no significant changes m blood pressure during or 
after treatment as illustrated b> fig 8 for the third animal 

None of the dogs of this group dev eloped antirenm 

5 Toxicity of the Extracts Confirming our previous reports, none of the 
twenty dogs showed any evidence of local or general toxic effects from the ex 
tracts Their appetites remained excellent, their body weights constant, and 
their temperatures, urine, and blood urea nitrogens normal throughout 

Discussion Table 1 summarizes the results reported here as well as pre- 
viously reported pertinent findings In the table the renm activities of the 
extracts are compared on an arbitrary scale, 1 0 denoting the renm activity of 
partially punfied hog renin derived from 1 gm of fresh renal cortex This is 
approximately equal to 1 Goldblatt unit (5) The non renm fraction of partially 
punfied hog renm derived from 1 gm of cortex is al«o arbitrarily valued at 1 0 
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for purposes of comparison. As indicated by the table the renin activit)’’ of par- 
tially purified dog renin is approximately equal to that of the corresponding hog 
renin as assayed on the dog. The amounts of renin and non-renin substances 
listed for highly purified hog renin result from the fact that, as already stated, the 
process of purification removed 84 per cent of the non-renin fraction without 
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significantly altering the renin activity. Heat inactivation of partially purified 
hog renin, of course, also resulted in some precipitation of the non-renin fraction. 
The hog liver extract showed a somewhat higher protein concentration (which 
is designated non-renin fraction in table 1) than the partially purified renins (1.7 
per cent as compared with 1.0 per cent), calculating protein from N. 
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Table 1 shows no correlation between the antihypertensive effects and the 
renin activities of partially purified and highly purified hog renins. On the other 
hand, a relation between the values of the non-renin fractions and the anti-hyper- 
tensive effects is evident. This strongly suggests but does not prove that the 
antihypertensive effect of hog renal extracts containing renin is due to some 
principle in the non-renin fraction. Obviously there is also the possibility that 
a combination of renin and some principle in the non-renin fraction may be 
necessary. 

Table 1 also indicates that the antihypertensive effect of partially purified hog 
renin is not completely destroyed by heating at 70°C. for one-half hour, since 
the 3 gm. dose showed fair antihypertensive activity. This result also suggests 
that the antihypertensive activity is in the non-renin fraction. 

TABLE I 


Treatment of experimental renal hypertension with renal extracts 


EXTRACT 

NO. OT RV- 
RERTENSIVE 
DOGS 

DOSE TER 
KG • 

RESIN 

SOSRENIN 

ERAcrrov 

ANTIHYPERTEMSIVE 

ErrECT 

PPHog renint 

4 

1 

I.O 

1.0 

Excellent 

HPHog renin 

s 

3 

3.0 

0.5 

Fairly good 

HPHog renin 

5 

1 

1.0 

0.16 

Poor 

PPHeat-inaeti vated hog renin f. 

2 

1 

0.0 

1 

<2.0 

None 

PPHeat-inactivated hog renin. 

3 

3 

0.0 

<3.0 

Fair 

1 

PPDog renint 

2 

1 

1.0 

1.0 

None 

PPDog renin 

4 

3 

3 0 

3.0 

None 

Hog liver extract 

3 

3 

0.0 

>3.0 

None 


PP = partially purified, HP = highly purified. 
* In terms of fresh renal cortex equivalent, 
t Previously reported (1). 


The lack of antihypertensive potency of partially purified dog renin is difficult 
to expldin at present. Dog kidney may contain a lower concentration of anti- 
hypertensive principle. Or some type of immune response, other than antirenin 
or antihypertensin (6) (possibly to some constituent of the non-renin fraction) 
may be involved in the antihypertensive effect of the hog renal extracts. The 
results with hog liver e.xtract, however, appear to rule out a foreign protein 
effect and suggest that the antihypertensive activity is specific for kidney. 

The possible involvement of antirenin in the antihypertensive effect of our hog 
renal extracts is largely excluded, although Goldblatt (7) recently favored the 
antirenin hypothesis. With the exception of the first dog, the dogs treated wth 
the 3 gm. dose of highly purified hog renin showed a poor correlation between the 
appearance and disappearance times of antirenin and the blood pressure reduc- 
tions and subsequent returns to the pretreatment hypertensive levels. The 
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excellent correlation in the case of the first dog is most probably coincidental 
rather than causal. There was no correlation between the antirenin titers of 
the dogs treated wdth the 1 gm. dose of highly purified hog renin and the modest 
antihypertensive effect obsei^’ed. Tims the only dog of this group to respond 
with * reduction in blood pressure evidenced the lowest antirenin titer whereas 
two of the other dogs which were therapeutic failures maintained relatively high 
titers. Moreover, partially purified heat-inactivated hog renin, although moder- 
ately antihypertensive, did not produce antirenin. 

The relation of the active principle of our hog renal extracts to the antihyper- 
tensive activity reported by Page and his coworkers (8) and Grollman, Harrison 
and their colleagues (9) remains to be determined. Our extracts are effective 
in much smaller amounts of renal cortex equivalent and appear to be nontoxic. 

Since the results reported here suggest that the antihypertensive effect is in 
the non-renin fraction, wc are now' studying the antihypertensive potency of 
various preparations of this fraction in renal hj’pcrtensive dogs. 

CONCLUSIONS 

1. The antihypertensive effect of partially purified hog renin in renal hyper- 
tensive dogs is definitely superior to highly purified hog renin, suggesting that the 
active principle is in the non-renin fraction. 

2. Partially purified heat-inactivated hog renin possesses moderate anti- 
hypertensive activity, indicating that the active principle is partially heat-stable. 

3. Partially purified dog renin is not antihypertensive in three times the 
effecti\'c dose of hog kidney, suggesting either that the concentration of the anti- 
hypertensive principle is considerably less in dog kidney or that some type of 
immune response not evoked by homologous renal extract is involved. 

4. Hog liver extract prepared after the manner of partially purified renin was 
ineffective antihypertensively, suggesting that the antihypertensive potencyof 
our hog renal extracts is not due to a foreign protein effect and that the potency 
is specific for kidney. 

5. A role for antirenin in the antihypertensive mechanism is largely excluded. 

6. A study of the antihypertensive potency of the non-renin fraction of par- 
tially purified hog renal extract containing renin is well-w’arranted and now 
under w'ay. 

We are grateful to R. E. Vessey and M. C. Tanner for technical assistance. 
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Adrenolysis and sympatholj sis arc not synonjTnous despite the fact that both 
denote a loss of sj'rapathctic or adrenergic like functions It is conceivable that 
responses to epinephnne maj be lost (1) under the influence of so-called ‘sym- 
pathetic depressants’ while reactions to faradization of sj^npathetic nerves may 
persist Should this be the ca*ve under the influence of such an agent ns the 
yohimbine radicle, adrenoljsis would prevail m the absence of true sjTnpatholy- 
sis One might be tempted to call this pseudo syTupatholysis 

Some time ago (2) (3) (4) statements were made m regard to the sympathetic 
depressant or antisympatheticomimelic action of yohimbine compounds m 
relation to cervical sympathetic and vasocemstnetor neural reactions The 
doses usually required for epinephnne reversal effects ranged between 2 and 8 
mgm of ethyl johimbine per kgm bj the intravenous route and this range of 
dosage was also usually sufRcient to nullify the eiTects of faradization of the 
cervical sjmpathetic nerve upon submaxillary salivation (4) At that time it 
was observed that cervical sympathetic paralysis of salivation was not always 
coincident with pupillary paralysis and with epinephnne rcvetsal as demon- 
strated by blood pressure reactions Tlicreforc, our present experunenU wore 
designed to determine (a) whether a certain ««lectivit> or specificity of action 
prevailed for the johimbme radicle and if so, in what sequence certain ejinpa- 
thetic responses might be inhibited or erased, (b) the doses of yohimbme and 
ethyl yohimbme required for inhibition of vanous sjunpathetic reactions and 
(c) whether sympatholysis coexisted with adrenolysis * 

Method Tnent> four cats were anesthetized with urethane gastncally and prepared 
for the insertion of cannulae into the trachea, femoral vein, carotid or femoral artery and 
Wharton’s aubmaxillary duct The vagi were sectioned and the cervical aympathetic and 
chorda tympani nerves were made accessible for faradization The nictitating membrane 
was needled, threaded and attached for kymograpbic registration of its responses, and 
pupillary reactions were observed across a miUimcter rule Blood pressure and salivation 
were recorded manometrically Thus, it was possible with these combined techniques to 
observe a general v ascular response to epinephnne and the yohimbic radicle concomitantly 


' All references to yohimbme and ethyl yohimbine imply that the hydrochloride forms 
were employed 'Vohimbine HCl was made available to us by Dr D F Robertson of the 
Merck Companj and ethyl yohimbme HCl represents an eight 3 ear old sample which was 
originally supplied to us by Hoffman LaRoche Companj through courtesy of Drs A G 
Young and D Worral of Boston, Mass 

* We wish to acknowledge the cooperation m this project of Dr Robert Byberg of Henrj 
Ford Hospital and Dr Doncl Sullivan of Detroit Receiving Hospital, both former assistants 
in Pharmacologj 
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wfith three ipsilateral cervical aympathetic nerve funcUona, namely; salivation, mydria- 
sis and retraction of the nictitating membrane. 

In some experiments atropine sulphate and pilocarpine nitrate were employed to test 
cholinergically controlled salivation after inhibition of adrenergically controlled scoretion 
by yohimbine and ethyl yohimbine. Pituitrin and angiotonin* were also .administered to 
determine their effects upon these lytic states. All drugs were injected intravenously in 
physiologic sodium chloride solution and usually in variable amounts, the dosage depending 
upon the effect desired. 

Results. Not all of our experiments were satisfactory from the point of 
view of the successful study of all adrenergic and sympathetic functions involved 
in the same animal. Some of our early experiments did not include kymograms 
of the reactions of the nictitating membrane, and on occasion no salivary secre- 
tion resulted following epinephrine or faradization. In rare instances secretory 
responses were so minimal as to lend themselves with difficultj' to proper inter- 
pretation in terms of accurate quantitation. However, in nineteen experiments 
sufficient evidence of sympathetic depression was obtained to warrant drawing 

TABLE 1 


Development of adrenolysis (A) and sy/npalholyats (S) by yohimbine HCl and ethyl yohimbine 

HCl in cals 


i 

1 

KftSEPfl- 
KIKE 1 

sajlivatjos j 

j MVDIJASIS 

xctuACTioK OP men* 
TATtNO EfEUniAKE 

1 

1 

A 1 

• 1 

i A ] 

1 ' ! 

1 ^ 
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1 A ^ 

1 S 

Yohimbine HCi j 

2-5* 1 

1 2-s 

1 d-5 ! 

1 5-6 

; 26.8+ 

1 15+ 


1 28.3 

Ethyl yohimbine HCl | 

2-7 i 

1 

1 3-8 i 

1 1 

1 ® 

1 1 w 

3 

1 ' 

16 


* All doses expressed in wgm. per hgm. 


conclusions regarding adrenolysis and sympatholysis. The ranges of effective 
doses of yohimbine and ethyl yohimbine are stated in mgm. per kgm. in tabic 1. 

Circulatory manifestations of cpinephrme-reversal were usually the first evi- 
dence of the adrenolytic action of yohimbine and ethyl yohimbine. This reversal 
resulted, as a rule, with 2 rogm./kgm. of yohimbine and with 3 mgm./kgm. of 
ethyl yohimbine. Almo.st simultaneously a depression of salivation occurred 
but occasionally slightly larger doses of both yohimbbe (5 mgra./kgm.) and ethyl 
yohimbine (8 mgm./kgm.) were required to nullify epinephrine-induced saliva- 
tion than were necessary' for most vascular epinephrine-reversals. Mydriasis 
and retraction of the nictitating membrane almost invariably failed to occur 
under doses of epinephrine which had no effect on salivation. This was char- 
acteristic especially of ethyl yohimbine. Thus, it seemed that all adrenergic 
functions studied here which had responded to epinephrine were practically 
simultaneously inhibited by yohimbine and ethyl yohimbine. The smallest 
effective adrenolytic dose of both drugs was 2 mgm. per kgm. whereas the largest 
was 8 mgm. per kgm. A typical kymogram is presented b fig. I. 

Sympatholysis was invariably preceded by adrenolysis, the former occurrbg 

’•Supplied fo ug by courtesy of Dr. Irvine H. Page of the UUy Laboratory for Clinical 
Rcscarcil, Indianapolis, Indiana. 
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^Mth somewhat higher doses of > oliimbmc and cth> 1 johimbme Salixation 
the first CGivical sMnpathctic function to lie de{>rc«‘'e(l, tlien retraction of the 
nictitating merabiane and finalh contraction of tlic dilator pupilixe Tlio lat- 
ter, howexer, was nc\er completelj obhterited 
The smallest svmp ithol} tic doves of johimbine and ethjl 3ohimbme for sali- 
\ation were rcspectuclj, 4 and 5 mgm pei kgm , for nictitating membrane 
responses, 2S 3 and 15 mgm per kgm Madriasis was diminished bj the latter 
doses but ncx er abolished 
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for 10 seconds 

4 Atropine sulphate 0 4 inf?ni /kptn 

5 13 16 26 Lpmephnne HCl 6 02 mgm /kgm 

6 to 9 11 22 Ethjl Aohimbine HCI 3 mgm /kgm 

24 Ethyl tohimbine, 0 mgm /kgm 

27 Ethyl "iol imbine 8 3 mgm /kgm 

Record from 17 to 22 not included During this interval 5 mgm of cthjl johimbine 
HCl i\ere injected and a clot was removed from the arterial cannula Note that 8>mpnthol 
jsis of salivation occurred at 12 and adre 
studied at 13 Not until 20, at a total do 
some sympatholytic reactions for the ms 


Atropmc, pilocarpine, angiotonin and pituitnn did not mterfore with the 
development of the«e lytic condition« 

Discussion and Comment 'iohimbme and ethyl yohimbine not only nullify 
responaes to epinephrine but aKo insulate against impulses initiated b\ faradiza- 
tion of syanpathetic nertes Our experiments indicate that adrenolysis occurs 
quite gcneralK lor the «!ympathin E complexev studied , whereas, sympathohsis 
appears successn eh in these same S E complexes m the ordei cited S E mecha- 
nisms of the glandular type first, then those of the nictitating membrane and 
finally those associated w itli the dilator pupillac e ha\ c also seen splanchnic 
reversal or svmpatholysis after ethyl yohimbine (fig 2) but it was not primarily 
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sought in these experiments. Receiitlj' Koppanyi and hi.s co-workcrs (5) re- 
ported that cpmephrmc-rcvemal as induced by yohimbine did not nece.ssari)y 
indicate that sympathoiysis prevailed. In their hands splanchnic neta’e fara- 
dization invariably produced an initial ri.<e in tension. It i.s problematic nhat 
the lytic ciTect of larger doses of yohimbine might have been and an extended 
study of this type of va.scular re.sponsc .seems irarranfed, especially noth the u.se 
of large doses of ethyl yohimliine. It is evident, nevcrthele.s.s, that complete 
ly-sis can be produced in the effector mcchani.sms associated with the cendcal 
sympathetic nerve and it may well be that S-E complexes in the vascular bed 
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Fio. 2. Cat, 2.8 kRin. Feb. 2, 1!I42. Blooti pressure under urethane anesthesia. Time 
in 5 secoud intervals. Prior to .V druns hail lieen injected in the follawing order and dosage 
in terms of ingm. per kgin.; epineplirinc, O.Oi, ethyl yohUubiitc, 3.0, nngiotonin, 0.02 cc. 
.•\drenolysi.s prevailed at .\ and sympathoiysis of vasoconstrictor components at C since 
vasodilation resulted from splanchnic stimulation. 

A. Epinephrine, O.OI mgin./fcgm. 

B. Interval of 4 minutes. 

C. F.'irndization of splanchnic nerves begun. 

D. Faradization of splanchnic nerves completed. 


might prove to be as resistant to sympathoiysis as are tho.=e of the iris and 
nictitating membrane. 

As .stated previously adrenolysis docs not imply that sympathoiysis prevails. 
However, the revert^e is true; when the latter is e.stabli.shod with the yohimbine 
radicle, the former condition also invariably prevails. 

The conditions of lysis are not influenced by such drugs as atropine and pilo- 
carpine. In order to obviate vagal neflexes associated with va.scular tension 
rises as produced by epinephrine, the heart nas insulated either by double 
vagotomy or the injection of atropine. In no instance did either of these 
measure.s prevent or seem to modify the cstabli.shment of adrenolysis or sympa- 
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tholysis Neither did these lytic conditions interfere with cholinergic secretion 
as produced b> faradization of the chorda tjTHpani ner\e or injection of pilo 
carpine Else^vhere (6) it has been demonstrated that myotropic drugs such as 
angiotonm and pituitrm also do not mterfere with the de\elopment of either 
lytic state, likewise, the‘=e functional losses of epmephrme and sjunpathetic 
actions do not modifj the contractile responses to such myotropic agents 

To recapitulate, l>sis, once effected by the johimbme radicle, is resistant 
to the influences of other drugs such as atropmc, angiotonm and pituitnn, and 
the ordmary effects of these agents are little, if at all, influenced b> the presence 
of l^dic amounts of johimbme and eth 3 l yohirabme 

Smce the johimbme nucleus is so potently adrcnol 5 ’tic and, in amounts well 
tolerated by anesthetized animals is also sympatholytic, it becomes an excellent 
agent for the purpose of demonstratmg adrenolysis and sympatholysis The 
results obtamed in a comparative studj of these lytic states as mduced by 
yohunbme, ethj 1 j ohimbme, ergotoxm and F 933 will be presented as a separate 
contribution (7) 

Ethyl yohunbme, which is less toxic than yohimbme (3) can well be thought 
of as the ‘ atropme” of the sjmpathetic nervous system especiallj m relation to 
augmentory tjTpes of adrenergic control The clmical \ alue of this type of drug 
m certam conditions of hypersympatheticotonia is still a moot pomt 
CONCLUSIONS 

1 Yohimbme HCl and ethyl yohimbme HCl are adrenolytic for submaxillary 
salivation and va«iomotor reversal m doses langmg from 2 to 7 mgm per kgm 
while larger doses are generally necessarj for the suppression of the nictitating 
membrane and mjdnatic responses to epmephrme 

2 The jolumbme salts are sjTnpatholytic for sah\arj reactions m higher 
doses than are required for adrenolysis ranging from 4 mgm per kgm for 
yohimbme to 6 mgm per kgm for ethyl yohimbme , doses for sympatholysis of 
nictitatmg membrane retraction range from 15 mgm per kgm for ethyl j ohim 
bme to 28 mgm per kgm for yohimbme, and for sjTnpatholysis of mydriatic 
action, doses are abo\e 15 mgm per kgm for ethyl yohimbme and more than 
28 mgm per kgm for j ohimbme 

3 In regard to the function of end organs supplied by cervical sympathetic 
nerve fibers adrenolj sis in\ ariably precedes sympatholysis 

4 Adrenolysis and sympatholysis as produced by j ohimbme HCl and ethyl 
yohimbme HCl are neither prevented nor significantly affected by such drugs 
as atropine pilocarpine and angiotonm Conierselj , the usual actions of these 
latter drugs are not significantly altered bj the action of the former 
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A series of N< dicarboxylic acid-substituted sulfonamides which resists absorp- 
tion from the gastrointestinal tract was found to produce varying degrees of 
intestinal bacteriostasis (1). Toxicological studies of succinylsulfathiazole, one 
of this series, have been described previously (2). Another compound in this 
group, 2-(N'‘-phthalyl-sulfanilamido)-thiazole (phthalylsulfathiazole)^ has re- 
cently engaged our attention. Preliminary reports (3, 4) indicated that this 
compound exerts a marked bacteriostatic effect on the intestinal coliform or- 
ganisms of dogs, and that smaller doses are required to produce this effect than 
are necessary wth succinylsulfathiazole. 
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In these experiments we have studied (a) the acute toxicity of phthalylsulfa- 
thiazole in mice, (b) the effects of parenteral administration of phthalylsulfa- 
thiazole in monkeys, and (c) the effects of prolonged oral administration of the 


' Sharp and Dohme has applied its trade-mark ‘Sultathalidine’ to this new sulfonamide. 

‘ Phthalylsulfathiazole is a white crystalline powder, practically insoluble in water or 
weak acid. It is dissolved by an excess of an aqueous solution of sodium bicarbonate or 
c.arbonate at room temperature with the liberation of carbon dioxide. A 5 per cent solution 
of the sodium salt of phthalylsulfathiazole may be prepared by dissolving the drug in the 
appropriate volume of a 5 per cent solution of sodium bicarbonate. Twenty per cent solu- 
tions of the sodium salt of phthalylsulfathiazole are readily prepared with the aid of sodium 
hydroxide. Such solutions may be adjusted to a pH of about 7.6, but will deposit crystals 
■ on standing at room temperature'. 
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drug to rats and monkejs It was found that phthalylsulfathiazole could be 
administered orallj to animals either m repeated doses or m massive single doses 
without producing an> manifestations of toxicity The sulfonamide concentra- 
tion m the blood during such treatment remained low Only by parenteral 
administration of phthalylsulfathiazole m dorses sufficient to produce lugh con- 
centrations of drug was it po^jsible to produce signs of toxicity 
Experimental Acute Tozicxly Oral Doses of 10 grams of phthalylsulfa- 
thiazole per kgm , m the form of a 25 per cent suspension in 0 5 per cent traga- 
canth, were admmistered oralli to 24 female white mice (Carworth CFi) The 
mean concentration in the blood (10 mice), two hours following gastric mtuba- 
tion, was2 4mgm per 100 cc of **free’'and 1 7mgm per 100 cc of “conjugated” 
sulfathiazole ® * No abnormalities of behavior or signs of toxicit} wereobserved 
following the abov e do'^e 

Intrapenioncal toxicity (ohic ml citspension) In order to secure data on the 
acute toxicity of this drug it was necessary to resort to a route of administration 
other than oral, namelj, the injection of a suspension of the finel} powdered 
drug m olive oil (25 cc per kgm ) into the peritoneal cavitj (C) The LDm 
(B ehrens* method (7)) w as found to be approximate^ 0 92 gram per kgm of body 
weight Data from this expenment expressing percentage mortahtj and con- 
centrations attained in the blood are shown m table 1 
Following mtrapentoneal injection with the larger doses of phthalylsulfa- 
thiazole suspended m olive oil, the mice passed through a period of convulsive 
trcmblmg, after which the animals became lethargic, some showed a loss of 
various voluntary muscular reflexes Spasmodic convulsions also occurred, 
together with opisthotonus and erection of the tail m an occasional animal 
Respiration became labored, lacrimation occurred, and the ears, tail and feet 
showed redness resembling peripheral vasodilatation Heart action persisted 
after respiration had ceased 

Histopathological exammation of tissues taken from mice dymg six hours 
after mtrapentoneal dosage in the range of the LDgo to the LDioo revealed lesions 
m the kidneys such as earij degenerative changes of the tubular epithelium, 
granular and cellular debns, and presumptive evidence of crystals m the tubular 
lumma 

* The sulfathiazole liberated by acid hydrolysis from combined forma ("conjugated ') 
13 derived from both phthalylsulfathiazole and scetylsulfathiazole The latter can be 
formed only from the small amounts of sulfathiazole released from phthalylaulfalktazole 
It IS probable, therefore, that ' conjugated” sulfathiazole is composed essentially of phthal- 
>]sulfathiazole Results in terms of sulfathiazole ma> be multiplied by 1 SS m order to 
express as phthalylsulfathiazole 

* The method of Bratton and Marshall (5) was employed in the determination of the 
free” sulfathiazole present in the blood and urine It is essential to carry out the deter 

tiunation of free sulfathiazole with a minimum of dela> after p toluenesulfomc acid has 
been added to precipitate the proteins and to give the acidit> necessary for diazotization 
since in the presence of acid phthalylsulfathiazole in solution is rapidly hydrolyzed to 
sulfathiazole and phthnlic acid Solutions of sulfathiazole were diazotized simultaneously 
and used as standards for photoelectric colorimetry * Total” sulfathiazole was deter 
mined by heating the p-toluenesulfomc acid filtrate of blood or urine for 1 hour at 100®C , 
a procedure adequate for the release of sulfathiazole from the conjugated forms 
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The LDeo of succinylsulfathiazole, using the same technique (2), was found 
to be 5.7 grams per kgm. These data demonstrated that in mice the acute 
toxicity of succinylsulfathiazole, administered intraperitoneally, was approxi- 
mately one sixth that of phthalylsulfathiazole. Marshall et al, (6) found that 
11 of 15 mice (73%) were killed by the intraperitoneal injection of 0.5 gram per 
kgm. of sulfanilylguanidine suspended in olive oil. 

Intraperitoneal toxicity {sodium salt). The sodium salt of phthalylsulfathiazole 
in aqueous solution, pH about 7.0 (1.6 to 10 per cent), was injected intraperi- 
toneally (25 cc. per kgm.) into female white mice (Carworth CFi). The LDeo 
was approximatelj’ 0.8 gram per kgm. of body weight. The signs of toxicity 
were similar to those seen following the intraperitoneal injection of the acid form 
suspended in olive oil. 


TABLE 1 


Mortality and concentration of sidfonamides (inmgm. per 100 cc.) in the blood of mice following 
the intraperitoneal infection of phthalylsulfathiazole 


Dost 

NDUBES 

JDEAO/TOTAL 

OQSEBVTD 

uoRrAtrrv 

PESCESTACES 

CAirULATED 

UOKTALttV 

PESCENTACES 

APPROXUIATE 

nUE or DEATH 

ItEAK CONCE 
BLOOD TWO SO 
LVJE. 

Free- 

NTRATIOX IS 

UBS rOLtOWISG 
CTIOS 

I Conjugated* 

mtm./kgn. 




hours 

mgm./JOO cc. 

mtm./JOO cc. 



0 

0 




C25 

1/15 

7 

4 

34 

6.8 

17.8 

880 

7/15 

47 

40 

36 



1100 

12/15 

SO 

83 

19 

13. St 

33.3t 


14/15 

93 

97 

5 



■■ 

15/15 

100 

100 

4 

31.9 

89.7 


* See footnote, 4. 

t These concentrations tvere actually found in mice given WOO mgra. per kgm., approxi- 
mately the LDto. 


Chronic toxicity. Repeated parenteral administration. Four monkeys were 
given daily intraperitoneal injections of the sodium salt of phthalylsulfathiazole, 
during a period of 10 days. The drug was administered as a 20 per cent aqueous 
solution (pH 7.C).‘ One monkey was given 1.0 gram per kgm. of body weight 
daily, another 0.33 gram per kgm. daily and two animals 0.1 gram per kgm. daily. 
Determinations of the total erythrocyte counts, the total leucocyte counts, the 
differential leucocytic counts, the concentration of hemoglobin, plasma proteins 
and blood urea, the percentage of reticulocytes, and the volume of packed cells 
were made both before the experiment was begun and at its termination . Deter- 
minations of the sulfonamide concentrations in the blood and the amount appear- 
ing in the urine were performed at various intervals during the test as tabulated 
in tables 2 and 3. On the eleventh day the animals were sacrificed and autop- 

s The aqueous solution of sodium phthalylsulfathiazole (20 per cent) was prepared each 
day iust prior to the injections. The amount of free sulfathiazole present was not in excess 
of 2 per cent. 
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TABLE 2 


Coneentrahon of sulfonamides (tn rngm per iOO ee ) tn (he blood of monkeys following the 
daily intraperitoneal administration of sodium pkthalylsutfathia-'ole 


DAT 

Bons 

roLiowixc 

INJECTION 

VONX£Y fS3 

1 0 eXAU FER KCU 

MONKEY 046 

0 33 CKAM FEE XCU 

MOHUY 1152 

0 1 CtAU PER CCM 

UONKEY (36 

0 1 CRAM PER XCM 

Free* 

ConJ* 

Fiet 

G>aJ 

Titt 

Coo] 

Ftte 

Conj 

1 

i 

15 S 

11 9 



6 3 

5 3 

2 6 

9 1 


i 

26 1 

21 0 



6 9 

5 6 

2 6 

9 3 


1 

30 8 

21 7 



6 7 

5 6 

1 0 

6 7 


2 

11 2 

31 5 



2 0 

6 3 

0 7 

2 7 


4 

9 5 

28 5 



t 

0 9 

0 5 

0 3 


8 

3 3 

17 1 



t 


t 



24 

t 


t 


t 


t 


2 

i 



5 7 

22 6 






i 



5 4 

20 9 






1 



13 0 

10 4 



1 9 

8 3 


2 

12 5 

47 6 

8 5 

9 7 

7 

5 8 

0 5 

2 2 


4 

13 3 

31 8 

6 3 

8 4 

1 


t 



24 

2 3 

6 4 

t 


t 


t 


3 

1 

IS 2 

69 0 



3 2 

11 3 

2 3 

6 6 


2 

14 1 

62 4 



I 3 

6 8 

1 2 

2 7 


4 

12 4 

45 2 



0 7 

0 7 

0 8 

0 8 


24 

5 8 

18 7 

t 


t 


t 


4 

1 

23 2 

31 7 

13 2 

17 6 

2 6 

0 4 

2 1 

6 8 


2 

37 5 

41 1 

9 2 

13 4 

1 0 

2 8 

0 7 

2 0 

6 

24 



t 


t 




7 

I 



6 9 

22 7 

5 3 

11 7 

4 4 

4 S 


2 



3 1 

22 5 

1 6 

5 0 

1 1 

1 6 


4 



2 9 

IS 4 

t 


t 


9 

24 



2 0 

3 2 

t 


t 


10 

i 

Died 


17 1 

18 7 

5 0 

10 0 

2 4 

10 0 


} 



17 0 

24 5 

5 0 

9 6 

2 0 

9 6 


1 



14 4 

26 4 

3 0 

9 9 

1 5 

7 0 


2 



7 6 

30 2 

3 1 

3 2 

0 8 

2 0 


4 



7 0 

27 1 

0 9 

1 2 

t 



8 



10 4 

18 5 

t 


t 



24 



2 2 

8 6 

t 


t 



* The values for free” and conjugated ’ drug are expressed as sulfathiazole 
t Less than 0 5 mgm per 100 cc 


sjed, the following tissues xvere removed for histological examination liver, gall 
bladder, kidnej, ureter, bladder, spleen, adrenal, thyroid, pancreas, stomach, 
duodenum, ileum, colon, lung, heart, lymph nodes, sciatic nerxe, spmal cord 



120 


P. A. MATTIS, W. M. BENSON AND E. S. KOELI/E 


TABLE 3 

Urinary excretion of sulfonamides following the daily intraperitoneal infection of sodium 
phthalyhulfathiazole for ten days 




notnis 

I 

PESCENTACE 

or AcetJur- 

LATPD DOSE 
ZXCXZTZD 

DOSE 

UOKFXV AKD DAY 

Free* 

ToIaJf 

Accumu* 

latrd 

tot&U 




grams 


grams 


1 .0 gram per kgm. per 

#53 

0 -2} 

0.03 


1.65 

20 

day (actual daily 

Ist day 

2H 

0.02 


2.09 

38 

dose, 8.14 grams) 


4 -8 

0.01 

0.14 

2.23 

40 


3rd day 

0-1} 

0.01 

0.18 

0.18 

2 



li-4 

0.01 

0.22 

0.40 

5 



4 -G 

0.02 

0.42 

0.82 

10 



C -8 

0.01 

0.22 

1.04 

13 



8 -24 

0.08 

1.14 

2.18 

27 

0.33 gram per kgm. 

#40 

0 -1 

0.01 

0.29 


14 

per day (actual 

2nd day 

1 -4 


0.74 

WSM 

50 

daily dose, 2.08 


4 -8 

■!VkH 

0.49 

1.52 

73 

grams) 








7th day 

0 -2 

0.02 

0.20 

0.20 

10 



2 -4 

0.01 

0.38 

0.58 

28 



4 -8 

t 

0.15 

0.73 

35 



8 -24 

0.03 

0.57 

1.30 

62 


10th day 

0 -2 

0.02 

0,15 

0.15 

7 



2 -4 

t 

0.09 

0.24 

12 



4 -8 

0.01 

0.11 

0.35 

17 



8 -24 

0.08 

0.72 

1.07 

51 

0.1 gram per kgm. per 

#62 

0 -2 

0.01 

0.27 

0.27 

29 

day (actual daily 

1st day 

2 -4 

0.01 

0.42 

0.69 

75 

dose, 0.92 gram) 


4 -C 


0.03 

0.72 

78 



0 -8 

t 

0.01 

0.73 

79 


3rd daj' • 

0 -2 

O.Ol 

0.42 

0.42 

46 



2 -4 

0.01 

0.24 

0.06 

72 



4 -6 

t 

0.08 

0.74 

81 



0 -8 

t 

0.01 

0.75 

82 



8 -24 

0.01 

0.03 

0.78 

85 


7th day 

0 -2 

0.04 

0.28 

0.28 

30 



2 -4 

0.01 

0.08 

0.36 

39 



4 -8 

0.01 

0.08 

0.44 

48 



8 -24 

0.01 

0.02 

0.46 

50 


10th day 

0 -2 

mi 

0.17 

0.17 

18 



2 -d 

tsB 

0.32 

0.49 

53 



4 -8 

mm 

0.07 

0.56 

61 



8 -24 

IgB 

0.02 

0.58 

03 
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TADl E 3 — (Conttnued) 


BOSS 

UONSEV AND DAY 

BDoas 

TOTAt EXCtETIOS 

FEtCENTACE 
or Accutn? 
lATED DOSE 
EXCIETEO 

Free* 

TotaM 

Accomu 

Itted 

toult 




gfamt 

ffdmt 

tram 


Olcramocrkcm per 


0-2 

0 003 

0 11 



day (actual daily 

lat day 

2 -i 

0 001 

0 03 

0 14 

31 

dose 0 45 gram) 


4 -24 

0 002 

0 1C 

0 30 

67 


3rd day 

0-2 

0 003 

0 10 





2 -4 

0 01 

0 OS 

0 18 

40 



4 -8 

0 001 

0 01 

0 19 

42 



8 -24 

0 003 

0 01 

0 20 

44 


7tli day 

0 -2 

0 0! 

0 21 

0 21 

47 



2 -4 

0 002 

0 00 

0 27 

60 



4 -8 

0 002 

0 01 

0 28 

02 



8 24 


0 02 

0 30 

67 


lOth day 

0-2 

0 003 

0 19 

0 19 

42 



2 -4 

0 002 

0 06 

0 25 

46 



4 -8 

0 002 

0 01 

0 26 

48 



8 -24 

0 003 

0 01 

0 27 

60 


* Expressed as sulfathiarolc 
t Expressed os phUiat}IsuUathiazotc 
t Less than 0 01 gram 


and bone marrow All tissues were stained with hematoxylin and eosm, except 
for the bone marrow which was stained by Maximow’s method 
Manifestations of toxicity were noted following the first intrapentoneal mjcc- 
tion of 1 0 gram per kgm to a monkey This animal, a large adult male (8 1 
kgm ), was extremely difficult to handle Fixe mmutes after the initial mjection 
vomitmg occurred and the animal showed evidence of considerable abdommal 
discomfort Approximately three hours after the injection a sample of urmt 
was collected which was ‘slightly reddish m coloi and from which on cooling 
there was deposited a large amount of ciystals Tlic mjcction of the compound 
on the second day was followed by nau*«a, borborygmus, eructation, salivation, 
and vomitmg The animal was unable to sit or stand but lay on the floor of the 
cage On succeeding days (the third, 4th, 5th and Clh) no vomiting was ob 
serxed, but musculai xxeakness xxas present Tlie animal x\as pale and did not 
resist handlmg in the xigoious manner previousily noted The appetite xxas 
diminished and a light reddish broxxn diarihea was apparent from the fourth day 
until death occuried during the night of the sixth day 
Table 2 m which are piescntcd the concentrations of free and conjugated sul 
fonamidcs found in the blood of the*^ animals shows that considerable absorp 
tion of drug took place and that marked atcumuHtum in the body was pre‘-ent 
by the fourth day The axcrage contcntiation in the blood two hours following 
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administration during a 4 day period was 18.8 mgm. of free and 45.7 mgm. of 
conjugated sulfathiazole per 100 cc. 

In table 3 are presented the urinary concentrations of free and total sulfon- 
amide and the total amount of drug excreted in the urine during 8 hours on the 
first day and during 24 hours on the third day. These data show that absorp- 
tion of the sulfonamide from the peritoneal cavity was marked. That this was 
the case is more adequatel 3 ' demonstrated by the data, presented in the same 
table, and the excretion of the eompound in the urine of monkeys receiying 
smaller doses. The data on urinary excretion also show that sulfonamide reten- 
tion oecuned, since on the first day 40 per cent of the dose administered was 
excreted during the succeeding 8 hours, whereas of a similar dose given on the 
third day only 13 per cent was excreted within the same period of time. On the 
third day only 27 per cent of the dose administered was excreted during a 24 
hour period. The concentration of sulfonamide in the blood on the third day 
indicated that absorption from the peritoneal cavity was not diminished, in com- 
parison with the absorption on the first day. 

Autopsy of the animal described above revealed grossly a small recent infarct 
in the myocardium, extensive recent bloody exudation in the peritoneal cavity 
and extensive crystalline deposits in the renal parenchyma associated with crys- 
talline concretions in the renal pelves. Microscopic examinations bore out the 
gross findings, and in addition disclosed considerable degenerative changes in 
the kidneys and liver, and some reduction of the zona glomerulosa and lipoid 
content of the adrenals. The other organs showed no significant lesions. 

A second monkey was given daily intraperitoneal injections of 0.33 gram of 
sodium phthalylsulfathiazole per kgm. of bodj' weight for ten days. This 
animal survived tii •> tost and manifested none of the severe reactions displayed 
by the monkey which had received the larger dose. Thee was some loss of 
appetite during the latter part of the test but this was not as marked as in the 
previous animal. No nausea or vomiting was observed during the test. 

In table 4 have been tabulated the values at the beginning and at the comple- 
tion of the test for weiglit, percentage of hemoglobin and plasma proteins, cell 
volume (hematocrit), blood urea, the total erythrocyte and leucocyte counts and 
the percentage of reticulocytes. The loss of weight was considered to be asso- 
ciated with the lowered dietary intake rather than with any more specific toxic 
effect. The decrease in hemoglobin concentration followed the decrease in the 
erythrocyte count, but this could not be considered significant, since the erj4hro- 
cyte count was still within the normal range of variation. Further evidence of 
the lack of significance of the hemoglobin and erythrocytic changes was offered 
by the normal reticulocytic count and the essentially normal bone marrow. 
The mean concentration of total sulfonamide in the blood of this animal in- 
creased during the course of the experiment (see fable 2), whereas the total 
urinary excretion of sulfonamides decreased during the same period. The per- 
centage of the daily dose which was excreted during the first 8 hours of the 
second day was 73 per cent (see table 3), 35 per cent during the same period on 
"the seventh day, and 17 per cent within a similar time on the tenth day. 
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At autops} the kidneys of this animal were pile ind suollen, the collecting 
tubules were shnrplv delineated with wlnt appeared to be crystalline deposits 
of the drug Except for some nodules in the parenchyma of the lung and six 
small lipomas m the peritoneal cavitj noother gross lesions were found Micio 
scopically, the kidncjs showed degenerative changes in the tubules, glomei-ular 
dilatation and hjpcrplasia of the epithelium of the pelves There were minor 
changes in the h\cr and pinsilic infestation in the lungs,' other tissues were 
e&'^ntiallj normal 

Two monkeys (^^52 and j?5G) gi\en 0 I gram per kgm of sodium phthalyl 
sulfathiazole intrapcritoncallj foi ten dajoi, manifested no signs of toxicity during 
the course of the experiment Tabic 4 shows that there were no significant 
changes m the blood picture of tlic'HJ animals We consider the total Icucocj te 


TABLE 4 

Chartga tn U'eiffht and tn certain blood conshtuenls of three tn(/tt<t(tua! f lonkeys adinintslered 
eodtum phlhalylsulfathiozolc intrapentoneally daily for 10 days 



0 3S ClAW/ECU /day I 

0 1 CEAW/YCH /dAV j 

0 1 CtAX/jCCM /DAV 


ts t U 
vAlues 

Values DO 
lOthday 

lb t al 
value* 

Value* en 
10th day 

In t al 
value* 

Value* on 
tOtb day 

eight (kgm ) 

C 28 

: 5 6 

0 12 

S 0 

4 5 

4 5 

Hemoglobin (grarae per 100 
cc ) 

16 0 

14 I 

15 0 

13 0 

16 4 

14 6 

Hematocrit (%) 

64 1 

44 6 : 

47 8 

45 4 

46 0 

44 5 

Plasma protein (grams per 
100 cc ) 

10 I 

S 24 

7 42 

10 4 

8 44 

8 81 

Blood urea (mgm per 100 cc ) ' 

11 6 

22 8 

11 6 

16 4 

20 5 

17 6 

Erythrocytes (millions per 
cu mm ) 

C 8 

6 4 

6 0 

5 44 

: 6 7 

5 32 

Leucocytes (thousands per 
cu mm ) 

11 28 

15 00 

8 44 

11 12 

6 00 

18 20 

Reticulocytes (%) (1000 cells 
counted) 

0 8 

0 8 

0 0 

I 3 

0 2 

0 6 


counts usual, since we ha\e found, as has been reported by others (8, 9), that 
such values in normal monkejs under laboratory conditions are subject to con 
siderable variation The sulfonamide concentrations attained m the blood of 
the<?e animals indicated rapid absorption of the drug from the peritoneal caviU 
The average concentrations m the blood one hour following the dose weie for 
#52, 4 2 mgm free and 9 5 mgm conjugated and for #56, 2 4 mgra free and 
10 5 mgm of conjugated sulfathiazole per 100 cc In the‘=e animals renal excre 
tion remamed satisfactory throughout the period of observation The data pre 
rented in tabic 3 suggest a reduction in the excretory ability of the animals on the 
‘seventh day with #52 and on the third day with #50 That these reductions 
were probably due to decreased fluid intake dunng tho«e days is evidenced by 
the mcrea«;cd excretion on the following days of the test when the water mtake 
was known to have been maintained 
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At autopsy inonkcy 52 showed definite evidence of pneumonia, two smuli 
cysts on the right kidney and fatty replacement of the bone marrow. Micro- 
scopic examination revealed bronchopneumonia with abscess formation, colloid 
cysts of the kidney, a mild toxic nephrosis, almost complete replacement of the 
bone marrow' w'ith fatty tissue, and some necrosis and calcification of the adrenal 
medulla and to a lesser degree of the adrenal cortex. All other tissues were 
normal. The pneumonic process and adrenal changes were probably tuberculous 
in origin, while the fatty replacement of the bone marrow was a reflection of the 
age of the animal. 

The autopsy of monkey ^ 50 revealed a small ulcer 2 cm. in diameter about 
10 cm. distal to the ileocecal junction. The necrotic central area of the ulcer 
had apparently eroded through the intestinal wall. There were no adhesions 
nor any evidence of inflammation in the peritoneal cavity. Microscopic exami- 
nation of sections of tissues from this animal indicated an active bone marrow 
W'ith moderate fatty replacement; emphysema and anthracosis of the lung; a 
patch of necrotic mucosa in the colon, which show'ed an intense cellular reaction, 
probably attributable to an error in the injection of the compound. In the 
kidney the same nephrotic changes w'erc seen as in the preceding animal. The 
toxic nephrosis, which w'as seen in both animals, w'as the only anatomical change 
referable to drug administration. These changes were patchy in distribution, 
mild in character, and W'ere considered to have been reversible. 

Poth (10) had observed no severe manifestations of to.xicity in dogs follow'ing 
the intravenous administration of 2 grams of sodium phthalj'lsulfathiazole per 
kgm. per day (for 7 days), w'hereas w'e found that monkeys exhibit severe to.\'ic 
signs w'hen the same drug w'as administered intraperitoneally in the amount of 
1 gram per kgm, per day. Preliminary observations have been made on a dog 
and a monkey given I gram per kgm, of sodium phthalj'lsulfathiazole intra- 
venously every day for 10 daj's. These preliminarj' data indicate only that 
there w'as a difference in the toxicitj' of the drug in the tw'o species and that , 
several factors maj' be involved in this difference. 

Chronic Toxicity. Rats. Fortj' albino rats (Wistar strain), each of approxi- 
matelj' 100 grams in w'eight, were divided into groups of 10 each in such a man- 
ner that the average w'eight for each group was similar. One group was fed a 
pow'dered commercial ration®; a second group, the same ration with the addition 
of 2 per cent phthalj'lsulfathiazole; a third group, the same with 5 per cent 
phthalylsulfathiazole; and the fourth group, the same w'ith 10 per cent phthalj'l- 
sulfathiazole. All animals w'ere kept in individual cages and were allowed free 
access to the diet for 30 days. The animals w'ere w'eighed once w'eekly; drug 
consumption and the concentration of sulfonamides in the blood w'ere measured 
on the seventh and twenty-first days of the experiment. At the completion of 
the experiment (31 daj's) all rats w'ere autopsied and various tissues (kidney, 
liver, spleen, heart, stomach, duodenum, ileum, cecum, colon, adrenal, lung, 
pancreas, thyroid and bone marrow) from each of five rats of each group were 
examined histologically. 

•Purina Dog Chow Checkers. 
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Reference to tabic 5 shows that on a ration containing 10 per cent phtbnlyl- 
sulfathiazole the growth rate of the rats was depressed. However, there were 
no other evidences of toxicity; all animals survived the experiment and histologi- 
cal examination of the tissues from these animals failed to disclose any evidence 
of pathological change. 

The grow'th of animals gi\en rations containing 2 per cent and 5 per cent of 
phthalylsulfathiazole appeared to be greater than that of the control lats. 
Measurements of the 24 hour food intake of the animals indicated that the drug- 
fed animals ate slightly more than the control group. The average 24 hour food 
intakes were, for the control gioup, 15.8 grams; the 2 per cent drug group, 18.0 
grams; the 5 per cent drug group, 18 8 grams; and the 10 per cent drug group, 
17.2 grams. (These figures arc corrected for drug content.) There was evi- 
dence of an intercurrent, low' grade infection (paratyphoid) in the control group. 


TABLE 5 

The ejSccl of phthalyliulfalhiatole on the weight gain of while rats 


DIET AND SUPrUUCNT 

ihiTtAt. Wzicnr 

INCUASE IV WCICBT 

Basal (commercial ration) 

t'Omi 

D6:fe3 6 
(10 animals) 

xr«mt 

05 ±12.1 
(8 animals) 

2% Phthalylsulfathiazole* 

06=k4 1 
(10 ammals) 

121 rklO.S 
(7 anlToals) 

6% Phthalylsulfathiazole* 

06 ±4 0 
(10 animals) 

113 ± S.l 
(8 animals) 

10% Phthalylsulfathiazole* 

06 ±4 A 
(10 animals) 

76d: 4 5 
(10 animals) 


* The drug, in the amounts indicated, was incorporated in the powdered commercial 
ration, Purina chow. 


Diarrhea Avas noted in several of these rats and lesions suggestive of paratyphoid 
A\ere seen in the liver and in the colon of one. Three of the animals in the 2% 
group died during the test, two on the 7th day and one on the lOth day. One of 
these animals was injured during handling, the others showed progressive weight 
loss and bloody diarrhea prioi to death. In the 5% gioup one rat died on the 
13th day and one died on the 21st day, both animals developed diarrhea and 
lost weight as the test progressed. ^licroscopic examinations were not made 
on any of the rats which died during the test period. 

None of the other animals in the diug-fed groups (2 per cent and 5 per cent) 
show cd any evidences of toxicity during the experiment. Microscopic examina- 
tion of tissues taken at autopsy revealed no significant lesions in any of the 
tissues. 

The average food consumption and blocxl sulfonamide concentrations in these 
rats are presented in table G. 
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It wll be noted that on the /th day the rats on the 10 per cent drug diet 
received an average of 1.7 grams of drug per day, which represented at the aver- 
age weight of the animals, approximately 17 grams per kgm. per day of phthalyl- 
sulfathiazole. On the 21st day the average daily intake for this same group 
represented approximately 12 grams per kgm. per day. The highest individual 
concentration in the blood attained in this group was 3.6 mgm. of free and 3.1 
mgm. of conjugated sulfathiazole per 100 cc. 

Chronic Tozidly, Monkeys — Technique of experiment. Eight monkeys 
(Macaca mulatta) were stomach-tubed at four hopr intervals daily for 30 days. 
Six of these animals were given phthalylsulfathiazole in varying doses freshly 
suspended in 0.5 per cent mucilage of tragacanth. The dosage regime (six doses 
dailj') was as follows: 2 monkeys received 0.5 gram/kgm. per day; 2 monkeys 
received 1.5 grams/kgm. per day and 2 monkeys received 5.0 grams/kgm. per 
day; similarly, 2 monkeys served as controls, each of which was concurrently 

TABLE 6 


Average food and drug consumption and mean blood concentrations of sulfonamides attained 
in rats receiving phthalylsulfathiazole in the diet 


DIET 

SEVEKTH DAY 

TnTNTY-fIRST DAY 

Food 

con* 

Drug 

con* 

suraed 

Mean blood 
coneentration 

Food 

con- 

sumed 

Drug 

con- 

sumed 

Mean blood 
cosceotraD'oa 



Free* 

Conjug.* 


tm. 


mim.UOO «. 

tm. 

gn. 

mgm /JOO tc. 




1.2 

0.5 

19.6 

0.39 

1.3. 

1.1 


ISi 


1.9 

1.2 

20.0 

1.0 


2.5 


m 


3.1 

3.1 

19.1 

1.9 

3.3 

3.5 


* Expressed as sulfathiazole. 


intubated with 20 cc. each of 0.5 per cent tragacanth. Twice daily the animals 
were fed on oranges and Purina Fox Chow; water was given ad libilum. In 
addition each monkey was given three cc. of a vitamin concentrate’ once daily 
throughout the test. Determinations of the total erythrocyte counts, the total 
leucocyte counts, the reticulocyte count, the differential leucocyte counts, the 
percentage of haemoglobin and of plasma protein, the packed cell volume (hema- 
tocrit), the prothrombin time and the concentration of free and total sulfonamides 
in the blood were made at the beginning of the experiment and at intervals 
during its course. The concentration of the drug in the urine was determined 
at such intervals as it was possible to obtain uncontaminated urine specimens. 
In certain instances, catheterization was resorted to in order to obtain such 
samples. The animals (excluding one of the controls) were sacrificed on the 
31st day of the experiment by light anaesthesia with a barbiturate and subse- 

’ The approximate analysis of tlie vitamin concentrate (3 cc.) was as follows: thiamin 
hydrochloride, 1.8 mgm.; riboQavin, O.G mgm.; nicotinic acid, 0.7 mgm.; pyridoxine hydro- 
chloride, 0.3 mgm.; pantothenic acid, 1.3 mgm. 
















STUDIES OP PHTHALTflSULFATHIAEOLE 


127 


quent exsangumation Subsequent to ob'servattons for gross lesions the follow 
mg tissues were taken for histopathological examination liver, gall bladder, 
kidnej , ureter, bladder, spleen, adrenal, thjroid, pancrea-?, stomach, duodenum, 
ileum, colon, lung heart, IjTnph nodes, sciatic nerve, spmal cord, and bone 
marrow These tissues were stained wnth haemotoxjlm and eosm, m addition, 
the bone marrow w as stamed bj Maximow ’s method , the spinal cord and nerv es 
were sectioned by the freezmg technique and examined under polarized light 
for mjelm changes 

During the test careful observations were made as to the general state of 
health and behavior of the animals, particular attention was given to nau'^ea, 
vormtmg appetite, weight loss and actmtj Regurgitation of a dose occurred 
m two instances following gastric mtubition but was not associated with anj 
evidence of nausea Diarrhea was not present m any of the monkej's The 
feces of the monkejs fed phthalylsulfathiazole had less odor than normal, the 
feces of the monkeys on the two highest doses being particuhrlj free of odor 
and colored white with the drug 

Weight loss was noted m one of the animals receiving 1 5 grams per kgm of 
phthalylsulfathiazole dailj, m both animals receiving 5 0 grains per kgm of 
phthalylsulfathiazole dailj, and m one of the control animals These animals 
w ere the heav lest at the beginnmg of the experiment and most of the weight loss 
occurred m the first two weeks of the experiment It seems probable that the 
constant handlmg of these animals, 6 tunes dail} during the thirt} day period, 
w as responsible for some of the w eight loss How ev er, the tw o monkej a on 5 0 
grams/kgm per day lost 24 per cent and 23 per cent respectiv el> of their mitial 
weights It was noted that both of these animals showed loss of appetite, m one 
of the two animals this was as'iociated with general weakness A third dnig 
treated animal lost only 6 per cent of the original weight, this was considered to 
have no significance since one of the controls lost 10 per cent of its original w eight 

On the ninth day of the test all the expenmenlal and control animals showed 
reductions in the total number of erjthrocytes The greatest reductions were 
■^een m one of the controls and in one of the monkej s given 1 5 grams per kgm , 
m each case the reduction w as to 08 per cent of the ongmal count In these two 
animals significant increa‘!es m the percentage of reticulocytes occurred (5 4 per 
cent) There w as presumptiv e evidence that this w as a nutritional anemia m 
the control animal, its occurrence m the animal given 15 grams per kgm of 
phthalylsulfathiazole dail^ was probably related to the presence of persistent 
bleeding from a damaged tooth socket This bleedmg was aggravated each 
time the animal was caught for intubation and w as not controlled until tw o w eeks 
had passed We hav e noticed a general trend tow ard a reduction of the erythro 
cjte count of all monkejs, experimental and control, during the first week of 
previous experiments of this nature This fact and the general return of the 
counts toward normal levels durmg the remainder of the experiment indicate 
the non specific nature of the phenomenon 

The hemoglobin concentrations showed no significant changes at the comple 
tion of the test Three animals showed some reduction m hemoglobm concen- 
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trations at the end of the first week. One of these animals had a persistently 
bleeding tooth socket, as was discussed previously. The other animals had 
slight reductions in the erythrocyte counts concurrent nith the decreased hemo- 
globin concentrations. These reductions were not considered to have been due 
to the drug treatment. 

Hematocrit values remained within normal limits throughout the experiment. 
The plasma protein concentrations were somewhat reduced from their initial 
values at the termination of the experiment but since the reduction occurred to an 
even greater extent in the control animals these changes cannot be attributed to 
the drug treatment given. Total leucocyte counts and differential leucocyte 
counts were followed throughout the experiment; no deviations attributable to 
the drug were observ^ed. Since the total leucocyte count in normal monkeys 
under the conditions of an e.xperiment such as this show remarkably wide valua- 
tions, little reliance should be placed on such figures. 

TABLE 7 


Average sulfonamide concentrations (tJi mgm. per lOO cc.) in the blood of monkeys giren 
phihalylsulfathiazole orally, in six divided doses, daily for thirty days 


1 

DOSE* 

2 nouss 

4 novKs 


Fr«t 

Totelf 

Freef 

Tolalf 

mm 

fflf. 

0.59 

0.83 

1 

0.62 


i 

0.67 

i 

0.58 


0.55 

1.13 

i 

0.80 

1.5, 

t 

0.82 

i 

0.71 

6.0 

1.03 

1.46 

0.83 

1.43 

5.0 

0.83 

1.39 

0.52 

1.20 


•Doses are expressed in grams per kilogram of body weight per day. 
t Expressed as sulfathiazole. 

J Traee, less than 0.5 mgm. per 100 cc. 


The concentrations of free and total sulfonamides in the blood stream of 
monkeys receiving phthalylsulfathiazole remained low throughout the experi- 
ment. The maximum blood concentrations attained two hours following intu- 
bation in the monkeys receiving 5.0 grams per kgm. per day were 1.38 mgm. of 
free and 1.79 mgm. of total sulfathiazole per 100 cc. Slightly lower concentra.- 
tions in the blood were always obtained at 4 hours than at 2 hours following 
intubation (see table 7). The low blood levels indicate that phthalylsulfa- 
thiazole was either absorbed very poorly from the gastrointestinal tract or was 
excreted by the kidneys with great rapidity. As was found with succinylsulfa- 
thiazole, phthalylsulfathiazole was both poorly absorbed and rapidly excreted. 

A wide variation in the percentage of the ingested dose excreted in the urine 
during a 24 hour period occurred (table 8). For example, one of the animals 
which received 1.5 gram per kgm. daily excreted 3.6 per cent of the ingested 
dose, while a second monkey on a similar dose e.xcreted only 0.8 per cent. Great 
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diRicultj ^\as experienced in obtaining suitable data of the t^pe described m 
table 8 bccau«5e of the difficult\ m securing urine uncontaminated \Mth feces 
containing \ erj large amount^s of unabsorbed sulfonamide The data pre'^ented, 
however, shou that phtlml>lsulfathia 2 ole must have been ver} poorI> absorbed 
from the gastrointestinal tract of the monkey since the sulfonamide content of 
the urine, as well as that of the blood was consistently low 
On the thirtv first day of the test the animals were autopsied None of the 
lesions which were found could be accounted for by the treatment to which the 
animals were exposed The lesions found, and which will be described in the 
follow mg section, might be expected in any group of monkeys of varying ages 
and antecedents 

Pathological Findings The data m this section are presented in summary 
form, in the followmg order Number of monkey , sex, dose in grams per kilo 
gram per day (six divided doses given every 4 hours), condition of the aniraaj 

TABLE 8 


Sulfonamides tn the urine of monkeys folloutng the oral admimetrolton of phlhahjUulfathia ole 



ACTUAL SAUY 

AVEtACt tHIHAtV 
covcE*ntAtios or beuc 

! 

cetiuatzd 
PAaV VEINAEV, 
OOTrUT 

tOTAL* PAllV 

cxOETios or 
fitCCl 

PEECENTACE Of* 
lYCESTED DO E 
ZXCtZTEP IX A 
24 BODE 
PEEIOD 


Ff<et 1 

! ToiaU ! 

ttimtlktn /iay 


1 W|*| /too tt 

« 

irtnif ■ 


0 5 

1 74 ' 

12 3 

34 0 

300 

0 102 

5 9 

0 5 

2 25 1 

12 4 

33 h 

600 

0 201 

8 9 

1 5 

8 7 

43 7 

125 0 

250 

0 313 

3 G 

1 5 

7 7 

7 0 

21 0 

300 

0 0C3 

0 8 

5 0 

30 0 

32 6 

81 0 

300 

0 243 

0 8 

5 0 

29 0 

21 2 

65 0 

300 

0 105 

0 7 


• The total daily €^cretlon and the percentage of ingested dose excreted daily are cal 
culated from the estimated daily volume of urine 
t Expressed as sulfathiazole 
t Expressed as phthnlylsulfathiazole 

durmg the test, weight change, number of erythrocytes (r b c ) m millions per 
emm , number of leucocyies (w b c ) in thousands per emm , the concentration of 
hemoglobin (hb) in grams per 100 cc , reticulocydes (ret ) in per cent of 1000 cells, 
the packed cell volume (hmet ) in per cent, pcicentage prothrombm (pt ), the 
concentration of plasma proteins (pp ) in grams per 100 cc , gross and micro- 
scopic findings at autopsy 

Monkey i5^40 Female, control^ 20 cc of 0 5 per cent tragacanth every four 
hours, survived and well, 4 I kgm increased to 4 7 kgm , r b c , 0 70 to 5 13, 
w b c , 13 44 to 11 G8, hb, 14 1 grams to 15 1 grams, ret , 0 4% to 0 7%, hmet , 
45 1% to 50 0% , pt , 100% to 97% pp , 10 1 grams to 7 4 grams , no gross lesions 
microscopic all tissues normal 

Monkey ?<^48 Female, 0 5gram,siuvivedand well, 3 40 kgm to385kgm, 
r b c , 0 1 to 5 0, w be, 11 72 to 9 58, hb, 14 0 grams to 14 8 grams, ret , 1 0% 
to 0 4%, limct , 45 8% to 52 0%, pt , 250% to 24 5%, pp , 9 1 grams to 8 4 
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grams; no gross lesions; microscopic: lung — slight empli 3 ’sema; heart muscle 
stains irrcgularlj'; other tissues normal. 

Monkej’^ ^^|f47. Female; 0.5 gram; survived and well; 4.5 kgm. to 4.94 kgm.; 
r.b.c., 5.9 to 5.51; w.b.c., 15.28 to 14.82; hb, 13.2 grams to 12.5 grams; ret., 
0.6% to 0.7%; hmct., 43.3% to 47.0%; pt., 85.0% to 80.0%; pp., 10.5 grams 
to 7.8 grams; no significant gross lesions; microscopic: spleen — some dilatation 
of sinusoids; other tissues normal. 

Monkej' ^ 49. Female ; 1.5 grams; survived and well ; 5.8 kgm. to 5.45 kgm. ; 
r.b.c., G.76 to 5.13; w.b.c., 13.4 to 11.68; hb, 14.2 grams to 13.2 grams; ret., 0.4% 
to 0.7%; hmct., 46.4% to 50.0%; pt., 96% to 102%; pp., 9.1 grams to 7.8 grams; 
no gross lesions; microscopic: thjwoid — small colloid adenoma; spleen — ^hyper- 
plasia; other tissues normal. 

hlonkej' #41. Female; 1.5 grams; survived and well; 5.12 kgm. to 5.53 kgm.; 
I'.b.c., 5.72 to 5.57; w.b.c., 13.32 to 13.4; hb, 13.1 grams to 13.4 grams; ret., 
0.6% to 0.5%; hmct., 42.0% to 50.0%; pt., 76% to 120%; pp., 9.5 grams to 
8.5 grams; no gross lesions; microscopic: heart — diffuse small round cell infiltra- 
tion throughout myocardium; spleen — some hyperplasia; other tissues normal. 

Monkey # 50. Female; 5.0 grams; survived, but showed appetite loss during 
last two weeks of test and general weakness during last week of test; 5.96 kgm. 
to 4.54 kgm.; r.b.c., 6.12 to 5.39; w.b.c., 15.42 to 12.36; hb, 13.9 grams to 14.6 
grams; ret., 0.6% to 0.5%; hmct., 47.7% to 50.0%; pt., 106% to 104%; pp., 
8.1 grams to 7.1 grams; gross lesions: bone marrow — marked fattj' replacement; 
liver — pale and mottled, increased fat content; stomach — four small areas (2 to 
3 cm. in diameter) in the fundus which showed incieased vascularitj’; micro- 
scopic: liver — fatty replacement of parenchj'matous cells, liver cords separated; 
kidney — glomeruli relativelj' bloodless and contracted, tubules somewhat dilated 
and occasionally containing crj’throcj'tes; lung — few small foci of round cell 
infiltration, small amount of edema; bone marrow — moderate adipose replace- 
ment; other tissues normal. 

Monkey # 51. Female; 5.0 grams; survived, but showed some loss of appetite 
during last week of test; 5.8 kgm. to 4.5 kgm.; r.b.c., 6.26 to 5.87; w.b.c., 6.4 to 
8.4; hb, 13.0 grams to 13.7 grams; ret., 0.8% to 0.9%; hmct., 42.5% to 47.0%; 
pt., 108% to 140%; pp., 9.5 grams to 7.6 grams; no gross le.sions; microscopic: 
jejunum — ^hypei'secretion of mucus; stomach — ^somc hyperplasia of mucosa; 
other tissues normal. 

Monkey #46. Female; control-, 20 cc. of 0.5% tragacanth every 4 hours; 
survived and well; 7.2 kgm. to 6.5 kgm.; r.b.c., 5.82 to 5.03; w.b.c., 10.08 to 
10.56; hb, 15.0 grams to 16.1 grams; ret., 0.5% to 0.5%; hmct., 46.5% to 56%; 
pt., 104% to 105%; pp., 9.5 grams to 7.7 grams. This animal was not sacrificed. 

SUMMARY 

Studies of the acute and chronic toxicity of a new sulfathiazole derivative, 
2 -(N‘-phthalyl-sulfanilamido)-thiazole may be summarized as follows. 

1 F!o evidences of toxicity were observed in white mice following the oral 
administration of suspensions of phthalylsulfathiazole (10 grams per kgm.). 
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T^^o hours following gastno intubation the average concentrations in the blood 
produced bj this dosage were 2 4 mgm of free and 4 1 mgm of total sulfathiazolc 
per 100 cc 

2 The LDso following the intrapentoneal admmistration in white mice of 
phthalylsulfathiazole suspended in olive oil was approxunatel} 0 9 gram per kgm 
Following the intrapentoneal injection, in oUve oil, of 1 0 gram per kgm of 
phthalylsulfathiazole, the concentrations m the blood averaged 13 5 mgm of 
free and 4G 8 mgm of total sulfathiazolc per 100 cc The intrapentoneal 
admmistration into white mice of aqueous solutions of sodium phthalylsulfa 
thiazole gave an LDsa of 0 8 gram per kgm 

3 Intrapentoneal mjections into monkeys of aqueous solutions of the sodium 
salt of phthalylsulfathiazole disclosed that a dose of 0 1 gram per kgm per daj 
for 10 da>s caused no toxic manifestations with the exception of mild toxic 
nephrosis and gav e n«;e to av erage 1 houi concentrations m the blood of 4 2 mgm 
of free and 13 7 mgm of total sulfathiazole per 100 cc An mtrapentoncal dose 
of 0 33 gram per kgm per da\ for 10 dajs was followed bj some retention of 
sulfonamides and tissue damage, a of 1 0 gram per kgm per day resulted 
m marked toxic manifestations, sulfonamide retention, severe kidncj damage 
and death on the sixth day 

4 Rats showed no depression of the growth rate or anj other manifestations 
of toxicity when fed for 30 dajs on a commercial ration to which phthalj Isulfa- 
thiazole was added to the extent of 2 or 5 per cent, at a 10 per cent lev el phthab I 
sulfathiazole caused a depression of the growth rate but no other toxic mani- 
festations 

5 Six monkeys given phthaljhuUathiazole oraU), everj four hours for 30 
days, in doses up to 5 0 grams per kgm per da> , survived the test period and 
showed no significant changes in the normal v alues of the v anous blood constitu- 
ents and no histopathological changes attributable to the drug In the two 
monkejs which received the highest dose (5 0 g /kgm /daj ) onlj anorexia and 
weight loss w ere noted The av erage 4 hour blood concentration m the monkeys 
receiving the maximum do«e was 0 7 mgm of free and 1 3 mgm of total sulfa 
thiazole per 100 cc The average propoition of the ingested do«e which was 
excreted in the urine durmg each 24 hour period was estimated to be 3 5 per 
cent for the group vv ith a minimum of 0 7 per cent and a maximum of 9 per cent 

The evidence pre'^ented permits the conclusion that the ab«5ence of toxic 
manifestations follow mg the oral administration of phthalylsulfathiazole is 
attributable to the verj low concentration produced in the blood and other 
tissues These low blood lev els result from the retention in the gastro intestmal 
tract of all but small amounts of the drug and the rapid excretion bj the kidnej s 
of that which is absorbed 
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INHIBITORY EFFECT OF SULFONA^IIDES ON THE \CTION OF 
NICOTINE IN THE ISOLATED INTESTINE 
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Merck Institute for Theropetiltc Research, Rahuaij N J 

Recei\etl fo^ publicAtion Februan 7, 1944 

Extensa c in\estigntions on the action of sulfonamides m the living orgaiusm 
and in vitro have produced a wealth of information about the metabolic fate of 
these compounds m the host and their mode of action on bacteria However, 
aside from numerous studies on the absorption, tissue conccntnition and excre- 
tion of the sulfonamides and reports on thoir effect on the hematopoetic system, 
there arc few data on the effect of these substances on the organism In view 
of the absence of anj striking pharmacologic effects upon circulation, respiration 
or the smooth muscle of the ho'^t, sulfanilamide and Us denvatives arc regarded 
as rather inert substances, at least m concentrations which are therapeutically 
effective Acute and chronic overdosage of the«e compounds affects mainly the 
nervous system Rabbits cats and dogs poisoned with sulfamlatnide exhibited 
muscular weakness, ataxia, athetotic movements, rigidit) and convulsions before 
they became comatose On autopsv degeneration in some neurones of the spinal 
cord and in certain colls of the cortex and mid brain were found (1, 2) Similar 
toxic reactions of ccrcliral origin have also been reported m man Furthermore, 
local application of certain sulfonamides to cranial injuries maj produce general 
ized com ulsions m man (3) and dogs (4) and striking changes m the electrical 
records of the brain of monkej-s (5) and cats (0) Peripheral nerve» ma^ also be 
affected by sulfonamides as cv idenced b> numcious reports on neuritis following 
the use of sulfanil} 1 sulfanilamide m man 

Apart from these toxic effects, vanous sulfonamides in otherwise non toxic 
doses have been found to influence the action of oilier drugs Thus, the admmis 
tration of suIfapjTidine and other sulfonamides potentiates markedly the effect 
of papaverine (7), codeine (8), morphine (8), and barbiturates (9, 10) More 
over, the bram of mice which received sulfapjudine showed an increase m per- 
meability for methylene blue, a finding suggesting an explanation for the in- 
creased susceptibility of sulfonamide treated animals to alkaloids and nar- 
cotics (11) 

In view of these reports on the effect of sulfonamides on the central nerv ous 
sjstem, a stiidj of their action upon autonomous nerves seemed to us of interest 
In the following we wash to report expenments on the isolated intestine which 
w ere mainly concerned w ith the effect of sulfonamides upon the action of nicotine 

Methods Rabbits and guinea pigs were killed bj a blon on the neck Pieces of the 
jejunum measuring about 3 cm in length were suspended according to Magnus' method in a 
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modified Ringer solution^ in cylinders of 100 cc. capacity. The cylinders were immersed 
inn temperature bath maintained at 38 ± 0.5®C, and the nutrient solution was continuously 
aerated with oxygen. Aqueous solutions of sulfanilamide and of the sodium salts of suU- 
athiazole, sulfamcrazine and sulfadiazine were used. The Ringer solution had a pH of 
7.5. The addition of the sulfonamides increased the pH to between 8 and 8.5 depending 
on the amounts added. Concentrations of 100 mgm. per 100 cc. of the different compounds 
bad the following pH: sulfanilamide 7.9; sodium sulfafhiazone 8.4; sodium sulfamerazine 
8.1 and sodium sulfadiazine 8.1. 

Nicotine was used as an aqueous solution of nicotine base. Usually, concentrations from 
0.25 to 1 mgm. per 100 cc. produced a marked contraction of the rabbits intestine which, 
however, was not sustained. The guinea pig’s intestine was more sensitive to nicotine than 
that of rabbits; a marked increase in tone was obtained by the addition of 0.05 to 0.25 mgm. 
per 100 cc. of nicotine. These concentrations bad little effect upon the frequency of the con- 
tractions of the intestine. The sensitivitt' of the intestine for nicotine was determined in 
each preparation before the addition of other drugs and repeatedly throughout the test in 
order to guard against changes in the sensitivity of the preparation. After each test, the 
nutrient solution was exchanged at least twice. The reaction to nicotine remained unal- 
tered when the pH of the Ringer solution was increased to 8 and 8.5 respectively by the 
addition of O.OS to 0.15 cc. of a 1% solution of sodium hydroxide per 100 cc. The intestine 
recovered quickly from the effects of nicotine and of the other compounds tested; once or 
twice repeated washing with Ringer solution restored its original motility. Other drugs 
tested in conjunction with the sulfonamides were adrenalin, acetylcholine, lentin, prostig- 
minc, histamine, barium chloride and para-aminobenzoic acid. 

Results. Antagonistic effect of sulfonamides on nicotine. The addition of any 
of the sulfonamides employed in this study decreased markedly the reaction of 
the intestine to a subsequent administration of nicotine. Lower concentrations 
of the sulfonamides decreased the amplitude of the nicotine contraction whereas 
higher concentrations completely prevented the effect of nicotine. The effect 
of the sulfonamides was reversible; remov'al of the drug by replacement with 
fresh Ringer solution restored the sensitivity of the intestine to nicotine. The 
various sulfonamides, however, differed quantitatively in their effectiveness to 
antagonize nicotine. Sodium sulfathiazole and sodium sulfamerazine sometimes 
caused a definite decrease of the nicotine effect in concentrations of 12.5 mgm. per 
100 cc.; complete suppression of the nicotine effect was obtained with 25 to 100 
mgm. per 100 cc. (figs. 1, 2, 3). Sulfanilamide was almost equally^ effective, 
whereas sodium sulfadiazine was significantly less effective than any of the other 
compounds (table 1). 

Failure of p-aminobenzoic acid to counteract the effect of sulfonamides. The 
foregoing observations suggested the question whether compounds which are 
known to antagonize the bacteriostatic effect of the sulfonamides are capable of 
reversing the effect of the sulfonamides on nicotine. For this purpose p-amino- 
benzoic acid was added to the Ringer solution either before or after the adminis- 
tration of sodium sulfatliiazole. In neither case did p-aminobenzoic acid (10- 
100 mgm. per 100 cc., influence the effectiveness of sodium sulfathiazole in inhibit- 
ing the nicotine action. 

Effect of sulfonamides on the action of other drugs. The influence of the sodium 

2 The Ringer solution used had the following composition per cent: NaCl 0.9; KCl 0.042; 
CaClj 0.024; MgCI. 0.005; NaHCOj 0.05; and dextrose 0.05. 
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‘sulfathiazole on the action of tlniRs other than nicotine A\as studied on the 
i''Olated inte'^lino of both gumo i pigs and rabbits in numerous tests with adrena- 
lin, acetjlchohnc, Icntin (caibaminojl choline), prostigmme and histamine 
Regardless of the presence of sulfonamides in amounts suppressing the nicotine 
effect complcteh, the ctTocts obtained with adrenalin (0 1 mgm per 100 cc ), 
acctjlchohnc (10-20 miciogiams per 100 cc ), leiitin (10-25 miciograms per 100 
cc ) (fig 4) and prostigmme (0 1 mgm pci 100 cc ) remained unchanged The 
action of baiuim chloride (5-tO mgm pci 100 cc ) and of liistammo (40-100 
micrograms per 100 cc ) was likewise unaltered by the administration of sodium 
sulfathiazole (fig 5) 


I 
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Fir 1 Efflct of Sobium Sui patiiiazoli. os xnn Actios of Nicotine 
100 cc 

lime intervals— 1 mm 

failure of sulfamlamides to influence (he action of mrolinc on slrtalcd muscle 
The possibilitj icmained that sulfonimidcs might inactnatc nicotine in Mtro 
In oulci to investigate this question, the cfficacv of mixtures of sodium sulfa- 
thiazolc and nicotine incubated for 2 houis at 37°C was tested on frogs The 
chaiactenstic attitude of fiogs poisoned with nicotine (rigidity and crossing of 
forelegs, abduction of the thiglis and flexion of the hind legs) was obtained with 
doses of 8 40 mgm nicotine pel kgm injected intial>mphaticallj , and the same 
effects wcie caused b\ tlic nicotine solution incubated with sulfathiazole The 
effective dose range of nicotine was not alteicd bj the addition of sulfathiazole 
The results, therefore, excluded the possibility of an intci action between sulfa- 
tliiazole and nicotine in vitro They further indicated that simultaneous injcc 
tions of sulfathiazole did not inhibit the action of nicotine upon skeletal muscle 
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Another senes of experiments was carried out on the isolated abdominal 
muscle of the frog suspended in Binger’ solution. SuJfathiazole and nicotine 
were tested m doses comparable to those employed on the isolated intestine. 
The administration of sodium sulfathiazole (in doses up to 100 nigm. per 100 cc.), 
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Fig. 2. HirstT of Sodium Sodfathi.izolb o.v the Action of Nicotine 
iBoIated intestine of the rabliit. 

N— nicotine 0..0 mpn. per 100 cc. 

S— sodium sulfathiiizole 25 mgni. per 100 cc. 

Time intcr%'nls— 1 min. 


however, did not influence the action of nicotine upon the abdominal muscle 
(fig. 0). 

Discussion. The antagonistic effect of sulfonamides upon the nicotine action 
in the isolated intestine is not counteracted by para-aminobenzoic acid which 
negates the bacteriostatic effect of sulfonamides. In this respect our observa- 

> The Uingcr solution used had the follotting composition per cent: NaCl 0.65, KCl 0.02; 
CaCl, 0.02, NallCO,, 0.01. 
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Tir 3 1 n-fcn ot SoniUM ‘^ui famfuazjve on thf Aitios Nicotine 
I solated uitestiiio of itic ribbit 
N — nicotine 0 5 mgm per 100 cc 
fi— sodium gulfnmenizine 50 mcm per 100 cc 
lime intervals— 1 inm 

TABU 1 


ConccnOoliofis of siilfottaiin(lc$ prctenlmg the effed of nicr tine on Ike tsolaled mlesltne of (he 
rabbit 



KXrEKIMENtS 1 

1 ErrrCTlVE CnUCENtEATION 

1 {lieu PEI loo cc ) 


Me»n 

Range 

Sodium sulfathinzolc 

Sodium sulfamcnzinc 
bulfftmlamule 

Sodium sulfadiazine 

63 

15 ! 

0 

•(part 

50 j 
50 1 
GO ■ 
150* 

lal inhibitior 

25-100 

25-100 

40- 80 

1 only) 


tions are 'iimilai to the finding tlwt the clmngcs in lh>ioid ghnds caused 
ceitain sulfonamides arc not inHuenced b\ para aminobenzoic acid (12) Thus, 
thej piosent a fui tlu i indication that effects of sulfonamides other than m bac 
teiiostasis arc not ncuti ihzcd bj the idmimstration of para aminobenzoic acid 
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TliG obsoiVtition thut sulfuthiRzoIc fiiils to inhibit the notion of nicotine on 
the abdominal muscle of tlie frog indicates that the action of nicotine on the re- 
ceptive substance of tlie striated muscle may not be analogous to that on ganglia 
and.the smooth muscle. Experiments on cats to be published later demonstrated 
that the action of nicotine upon the vasomotor and respiratory centers is also 
not influenced by sulfonamides. Furthermore, nicotine (0.1%) failed to inhibit 
the bactei-iostatic effect of sulfathiazole on E. coli in vitro." 


,v 



1 t tt tt 

N L S N S L 


Fio. 4. Kffcct or Souium Sui.i'atoiazoi,i: on tiii; .Action of Nicotine ano Lentin 

Isolated intestine of the rabbit. 

N — nicotine 0.5 ingni. per 100 cc. 

S— sodiiini siilfatlii.'izolc 100 ingni. per 100 cc. 

h — lentin 0.01 iHKiii. per 100 cc. 

The action of sulfonamides which inhibits the effect of nicotine on para- 
sympathetic ganglia does not affect the function of tlie nerve endings of the intes- 
tine nor that of the smooth inu.scle if.sclf, .since drugs stimulating sympathetic or 
para .sympathetic nerve endings remain effective and other drug.s presuinabbv 
acting directly upon the .smooth muscle cell likewise elicit normal responses in 
the presence of sulfonamide.s. 

In accordance witli Langley’s investigations it is generally assumed that 
nicotine e.xerts it.s action upon the inte.stine through the mediation of the ganglia 

nVe me imlcbtcd to Dr. 11. J. Hobiiisoa for tlio bacteriological tost. 
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Tin 5 EfFLCT OP Sodium Sulfathiazoll on the Actios ofNicotise andHistwhne 
100 cc 
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Fig 6 Faiiure of Sodium Solfathiazolf to Inhibit the Actios of Nicotinf uros 
Striated Muscle 


l'5olate<l abdominal muscle ol Ibc frog 
N— nicotine 0 5 mgm per 100 cc 
S — sodium flulfathiazole 100 nigm per 100 cc 
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of the plexus of Auerbach. It appears, therefore, possible that the inhibition 
of its action by sulfonamides is caused by a blocking of the function of these 
ganglia, particularly so since an influence of the sulfonamides upon the peripheral 
end organs could not be established. The inhibition of the nicotine action in 
the isolated intestine by sulfonamides maj' represent an analogy to effects of the 
sulfonamides upon certain enz 3 'me systems, which have already been established 
with regard to their bacteriostatic action. The bacteriostatic effect of sulfona- 
mides appears to be based upon the inhibition of enaj^matic processes which are 
indispensable for the metabolism of certain microorganisms. Their goiterogenic 
effect appears to be caused bj’ the inhibition of the synthesis of thjToxine (13, 14). 
It has also been reported that sulfanilamides inhibit the action of carbonic 
anhydrase (15) and reduce the inorganic catalytic actions, effects which are not 
counteracted bj’ para-aminobenzoic acid nor nicotinamide (16), In view of 
these observations which point to a primary' effect of sulfonamides upon enzyme 
systems the assumption may be entertained that the effect of sulfonamides upon 
the action of nicotine likewise is caused bj' an inhibitory effect upon cataljdic 
processes which may be essential in the function of the ganglia and in the action 
of nicotine upon these ganglia. If the nicotine action were localized not in the 
ganglia but in the smooth muscle itself, the assumption ivould be that its action 
on the receptive or re.sponsive mechanism of the muscle is of a complex nature 
depending on a cataij'st which can be blocked by sulfonamides. 

SUMMARY 

1. Sulfonamides inhibit the effect of nicotine on the isolated intestine of 
rabbits and guinea pigs. 

2. Sodium sulfathiazole, sodium sulfamerazine and sulfanilamide arc more 
effective in inhibiting the action of nicotine than sodium sulfadiazine. 

3. Para aminobenzoic acid fails to antagonize the effect of sulfonamides upon 
the action of nicotine. 

4. The effect of adrenalin, acetylcholine, lentin, prostigmine, histamine, and 
barium chloride on the isolated intestine is not influenced by sulfonamides, 

5. Sulfathiazole does not influence the toxic manifestations of nicotine in 
frogs, nor does it inhibit the action of nicotine upon the striated muscle of 
the frog. 

The valuable technical assistance given by Grace R. Peters is appreciated. 
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In a previous paper of this series (1) we have shown that acidic substituent 
groups regularly and markedly decreased the treponemicidal activity of phenyl 
arsenoxide {T. pallidum) without a commensurate decrease in toxicity. How- 
ever, when the acidic group was blocked, as in ethyl or methyl esters, or as in 
the sulfone and phenone compounds, the treponemicidal activity was largely 
restored, and the ratio of treponemicidal activity: toxicity was increased as much 
as fourteen-fold, in several cases significantly exceeding that of the parent 
phenyl arsenoxide. 

In the light of that finding, a series of phenyl arsenoxides was prepared in 
which an acidic substituent group had been blocked by amide formation (2). 
As will be shown in the present paper, the majority of these amides proved to 
be actively treponemicidal, and relatively low in toxicity. The ratio of trepone- 
micidal activitj': toxicity, which maj^ be taken as a rough measure of potential 
therapeutic utility, was usually two to six times greater than that of the parent 
phenyl arsenoxide; and in the treatment of rabbit syphilis some of these com- 
pounds have shown a chemotherapeutic index approaching that of Mapharsen. 
This favorable effect of amide*substitution has been so regular as to suggest that 
further study may disclose other related compounds of greater therapeutic 
utility than those here described. 

Methods and jiatekials. Compounds studied. Of the 38 arsenoxides included in this 
series, seven were known compounds, prepared bj' methods indicated in the foot- 
notes to table 1. The preparation of the 31 new compounds has been described else- 
where (2). Seven other amides (the o — CONHj, o — SOjNIL, p— CONHCtILCONHiCp'). 
p— NHCHjCONHCONH,, p— CONHCONHCONH., p-CONHCHiCONHCH.CONHj 
and p — CHiCONHCONH- phenyl arsenoxides) and six substituted amides (the 
p-CONH-NH,, p-CONH-HNCOC.Hrip'). p-SO^NHCsH.N, p— SOjNHC,H,NS, 
p— CONHCH.COOCHj and p— CONHCH-CHOHCHjOH phenyl arsenoxides) were found 
to hydrolyze to a marked degree when dissolved in dilute alkali preparatory to testing, 
and are not included in the tables. Four other compounds (the p— CsHiCONHjfp'), 
p— NHCOC 6 H 4 CONH:(p'), p— N=NC«H4C0 NHj(p') and p— N=NCjHjCONHC 2 HiOH(p') 
phenyl arsenoxides) could not be tested because of their low solubility at pH 7.0. 

Method of assay. The methods used for the assay of toxicity in white mice and rabbits, 
treponemicidal activity in vitro (cf. footnote,’), and therapeutic activity in syphilitic rab- 


> With the technical assistance of Ralph Fleischman. , . . r 

’ Cf. (10) for preliminary report on the toxicity and in vitro treponemicidal activity of 

most of these compounds. 
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bits have been described in a preceding paper (3) In the latter assay the criterion of 
cure first used was the result of a popliteal lymph node transfer into the testis of a normal 
animal earned out six ^eeks after treatment However as has been shown in a preceding 
paper (4), a negative lymph node transfer at that time is not a reliable indication of cure in 
that a second lymph node transfer carried out six months after treatment is frequently posi 
tive The curative doses given in the present paper are therefore based on the results of 
lymph node transfers carried out six months after treatment In determining the dose 
which cured fiftj and ninetj five percent of the animals for six months at least six rab 
bits were treated at each of i to 6 dosage levels 

Experimental Results A Toxicity and Direct Treponemicidal Activity 
of Amide SubstUut''d Phenyl Arcenoxides^ As shoun m table 1 substituents 
with terminal amide groups ( CONHj SO 1 NH 2 ) regularly and markedlj 
dccrca‘«ed the toxicitj of phenyl arsenoxide, this regardless of the number and 
nature of the groups mterposed between the amide group and the phenyl ring 
Thus, the molar toxicity of the 10 amides listed m the lable based on the 
LDeo values, aaned between 3 2 and 13 5 per cent that of the unsubstituted 
phenyl arsenoxide (column 3) A quantitatively similar detoxifying effect of 
amide substituents was observed in rabbits (tabic 3) Of the two di substituted 
compounds included in table 1, the 3 NHj 4 CONH 2 phenyl arsenoxide 
was even less toxic than the simple pCONHj compound, while the 
3 OH-4 CONHj was more than twice as toxic 

The direct treponemicidal acliv ity was also reduced by the amide substituents 
(cf column 5 of table 1) but not to the same degree as toxicity, varying between 
11 and 52 per cent that of the unsubstituted phenyl arsenoxide In consc 
quence, the ratio of treponemicidal activity toxicity was favorably affected, and 
varied between two to six tunes that of the unsubstituted reference compound 

B The Effect of Suhslilulion in the Amide Group The favorable effect of 
amide groups on toxicity was usually decreased, and in some cases obliterated 
if one or both of the terminal amide hydrogens were replaced by some sub 
stituent group Thus, of 20 compounds derived from the p SO^NHj and 
p CONH 2 phenyl arsenoxides, and listed in table 2, the toxicity was increased m 
13, in several instances more than twenty fold The treponcmidical activity was 
m such cases also mcreased but not to the same degree (cf column 5) The 
ratio of activity toxicity was therefore decrea'^ed, m some caces to one fifth its 
original high level In this group of compounds the activity and toxicity of the 
compound had thus reverted toward that of the simple unsubstituted phenyl 
arsenoxide, or of phenyl arsenoxides vwth such * indifferent'’ substituents as 
CHj Cl or OCHj groups (5) The only exceptions to this unfavorable 
effect of blocking the amide group were the compounds with terminal acetamido, 
nitnlc and hydroxyl groups discussed m a foUowung section 

C Toxicity and Therapeutic Activity in Rabbits Nine of the amides and 
three of the substituted amides m the present series of compounds w ere assay ed 
for toxicity and therapeutic activity m rabbit sy phihs The results are giv en 
m table 3 The pronounced detoxifymg effect of armde groups on phenyl ar 
senoxide is agam evident Although all the compounds were two to three times 
as toxic m rabbits as they were in mice, their relative toxicity was satisfactorily 
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TABLE I 

The toxicity and in vitro Ireponemicidal aclivtiy of amide-substituted phenyl arsenoxides 


StBSTITUEVT GROUP INTRODUCED 
INTO PKEKyl ARSENOXIDE 

Toxicr 

(iSTRAPE 

tolerated 

dose” 

(LD») 

n IS WM 
RITDVEAl 

ITE UlCE* 

L IS jECTION) 

Mobr 
toxicity 
referred to 
that of 
phenyl 
arsenoxide 
as too 

RELATIVE TREPO- 
NEMiaDAL activity 
PER UOLE 
(l E , PER GRAU 
As) REFERRED TO 
THAT OF PHENVL 
ARSESOKIDE 

AS 100 

RATIO OF 

TREPOSEKICIDAL 
ACTIVITY IN VITRO* 

TOXICITY IN WHITE 
MICE 

REFERRED TO THAT OF 
PHENYL ARSENOXIDE 

AS 1 


tnf./*{. 

letlH 




Unsubstituted phenyl ar- 






senoxide . 

1.5 

1.93 

100.0 

100 

1 

3 — Kill — 4 — OH (Maphar- 






sen) 

33.5 

42.6 

6.94 

38 

5 5 

m— CONH,» . 

17 

24 6 

9.8 

41 

4 1 

p— CONH.«-» 

17 

27 5 

9.6 i 

45 

4.6 

p-CH=CHCONH, 

20 

28 

9.7 

43 

4.4 

p— CHjCONH, 

24 

30 

8.6 

20 

2.3 

P-(CH,),C0NH5 

15 

21 6 

13 5 

33 

2.4 

p— CONHCONH,» 

40 

48.4 

6.4 

34 

5 2 

p-CONHCH.CONHj 

67 

79.5 

I 3.86 

24 

6.1 

p— CONHCH.CHjCONHj 

60 

100 

3 2 

13 

4.1 

p-CHsCONHCHjCONHs* 

1 90± 

103 

1 3 4 

11 

3.15 

p-OCH,CONHj» 

17 

33 

9 0 

52 


p-NHCONH,> 

24 

35 

8 1 

38 


p— XHCH,CONHs‘ 

42 

61 

4 5 

22 


p— XHCO(CH8 )iCONH, 

24 

36 

9 0 

25 


m-SOjNH, 

36 

46 4 

6.1 

21 


p-SOjKH,’ 

42 

63 

4 8 

29 

6.1 

p— SO.NHCHsCONH, 

64 

99 

3 5 

17 


3— CONHs 

35 

47 

5 6 

28 


3-OH-^— CONH. 

9 5± 

12 

23 

45 



* All values given in this table are calculated from the evperimental data by the Reed- 
Muench procedure (13), extrapolating where necessary to obtain the LD<s and LD>js 
values. For each compound, 8 to 20 mice were used at each of 4 to 6 dosage levels, and 
were followed for 4 days before being adjudged as dead or survived. Although the values 
for minimal lethal dose (LD>,j), are not given in the Table, they averaged twice the maxi- 
mum tolerated dose (LD<;j), with the LDa approximately a geometric mean between the 
two. 

* Prepared following the directions of Gough and King (J. Chem. Soc , 1930, p. 669). 

> Isolated as the arsonoso compound, — ^AsCOH)*, rather than the arsenoso, — AsO. 
Whenever both forms have been prepared they have proved to be identical in biological 
activity per mole. 

* Prepared following the directions of Cohen, King, and Strangenays (J. Chem Soc , 
1932, p. 2505). 

« The experimental values in the preceding two columns have been given to the nearest 
whole number. In computing the ratio of activity: toxicity, the actual experimental 
x-alues have been used. 


concordant in the two species (cf. column 4 of tables 1, 2 and 3). By virtue 
of that decreased toxicity, all the amides tested gave favorable values for the 
ratio of LDso (dose which killed half of animals)/CD5o (dose which cured half of 
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animals), ^^hlch maj be taken as a mc^urc of therapeutic utihtj (“chemothera- 
peutic index”) In the ca‘?c of mapliar«?en tint \aluc wis 13, and the cor- 

TABLE 2 


The effect of substilulion tn the amtde (froup on the toxicity and direct treponemietdal cctinty 
of p COVIIj and p SOiNIfj phenyl arsenoxidca 



TOWITV M »HIT1C1,ICE» 1 
(iNTBAPniTOKEAL INJECTION)! 

BEtATIVETIEt^ 

KATIO OP 

SUBSHT13XST CBOCr IVIHODCCIB 
r»rO FHZNVI, AISENOXTBt 

M*X ^ 

{Ld“ p 

i 

1 

LD.. 

Molar 1 
tox city 
referred to 
that of 
pbenyt 
arseiMS de 

as too 

PCX UOIX 

U t PEI eXAU 
As) lEPEIIEB TO ' 
TOAT or PUEHYt 
AlfE'tnXIDE 

AS 100 

ACTrvirviNViTao 

loxiair IN WBiiE 
VICE 

KErEtPEO TO THAT or 
PnENYl AXSENOXUIE 
AS 1 

p— SOjNH, 

»"f /*r 

I 42 

mt/kt 

63 

4 8 

29 

6 1 

p-SO,NHCH, 

<10 

JG 9 

17 7 

72 

4 0 

p-SOjN(CH,),* 

2 85 

3 fri 

92 6 

112 

1 1 2 

p-SO,NHCdI| 

8 05 

10 

31 8 

72 

2 3 

p-SO,N(C,II,).> 

2 2 

2 76 

134 

101 

0 74 

p-SOiNHCdliOH* 

71 

83 7 

4 25 

23 

5 3 

p-CONH,* 

17 

27 6 

9 6 

46 

4 6 

p-CONHCH,* 

10 

17 2 

15 0 

54 

3 6 

p-CON(CH,), 

9 0 

14 3 

19 

4S 

2 5 

p-COVHC,H,» 

8 8 

10 C 

26 

59 1 

2 3 

p-CON(C,H.), 

3 8 , 

4 S 

64 , 

63 

0 84 

p-CONHC*H,» ' 

i 6 1 

3 44 

101 

97 

0 06 

p-CO\nCII,CiH, 

3 1 

4 3 

SO ' 

79 

g 08 

|>-CONHC,H,'r(C\'-<^-pj ndj 1) 






bcnzamide] 

2 3 

2 8 

116 

74 

0 64 

NH i 






p-C 1 

\ 

OCjHi 

2 9 

3 6 

87 

68 

0 78 






p-CONIICIItCOOH*‘ 

U 

21 

15 7 

0 7 

0 04 

P— CONHC,ir,NHCOCn,<p ) 


200± 

1 9:4: 

9 0 

4 5 

p--CONHCn,Ciri\HCOCH,« 

60 

95 

3 6 

16 

4 4 

p— CONHCdbOH* 

61 

64 3 

4 8 

25 

5 2 

P-CONHCON HCilbOn 

43 

68 

5 0 

30 

' 6 0 

p-CONHCH,CHOHCII,OH 

74 

SO 

3 7 

14 

3 7 

p-CONIICH,CN 

40 

63 1 

45 

27 

1 6 0 


* Cf footnote 1 in table 1 

* Cf footnote 2 in table 1 

* Cf footnote 3 in table 1 

* Prepared folloiMng the directions of Hugounenq L and Morel, A (J dePhamiae et 
dc chim , 7 (7) 383 (1913)) 


responding figures for the ten amide <«ubstitutcd compounds tested in rabbits 
varied between 1 7 and 3 7 

As previously noted, «:ubstitution m the amide group with “indifferent” sub 
stituents such as -CjHs or CjHs groups c*iu«ed a marked incrcaRc m to\icit\ , 
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and a resultant decrease in the ratio of activity/toxicity. On the other hand, 
when one of the amide hydrogens was replaced with a group containing a ter- 
minal hydroxyl the resulting compounds did not differ significantly from the 
parent amide with respect to toxicity, and the therapeutic activity, like the 
treponemicidal action in vitro, was decreased rather than increased. 

The validity of the in vitro assay of treponemicidal activity as a first appro.xi- 
mation of therapeutic activity was confirmed by the close correlation between 
the two, graphically showm in figure 1. In these phenj'l arsenoxides, as for those 

TABLE 3 


The toxicity in rabbits and therapeutic activity tn rabbit syphilis of amide~substituted phenyl 
arsenoxides and their derivatives 


COMPOUND (RC«H«AsO oa 
RiRsOHjAsO) 

TOXian* IN BABBITS* 

THERAPEUTIC ACTIVXT\ 

LDio 

CDts 

Maximal 

tolerated 

dose 

I-Di. 

Molar toxic« 
ity referred 
to that of 
pheny) 
arsenoxide 
as 100 

CD» 

Minimal 

curative 

dose 

fCD> 95) 

Jlg./ts. 

Ms-/ M/Vs- 


nt./ie- 

mg. /kg. 




m./H- 


Phenyl arsenoxide . . 

0.59 

0.79 


Xo cures in sublethal doses 

<1 

3— NIIi— 4-OH 

10.0 


9.3 

3.0 


0,3 

4.3 

m— CONH: 

5.5 


13.0 

2.2 


3.8 

3.3 

p— CONH,.. . .. 

C.O 

9.1 

11.9 

2.8 

0 92 

6=fc 

1 3.3 

p-CH,CONH, 

7.8 

9.4 

11.2 

4.6(?') 

1.5(?5) 

! >6 

2.1± 

p— CH=CHCONH, 

7.5 

9.5 

11.9 





p-CONHCHsCONH, 

10. 0 


5 2 

15 

4.2 


1.7 

p-OCHiCONHi . 

9.8 


11.0 

3 8 

' 1.1 

6.5 

2.8 

p— NHCONH,. 

8 5 

11.7 

9.8 

4.0 

1.4 I 


2.5 

p— SOiNHi. 

12.5 

10 1 

7 7 

0. 

1.72 

11 

2.7 

p— SOiNHCH-CONII:. 

13 

25. 

5 8 

25± 

4.5± 


1± 

3— NHi-A— CONH. 

7.5 

13.0 

8.7 

3,7 

1 2 

7.5 

3.7 

p— CONHCiHj .. 

2.5 

3.9 

28.9 


1 



p-CONHCiHi 

1± 

1.7± 

83± 

No cures in sublethal doses 

<1 

p— CONHCjH.OH 

15.5 

19 0 

0.1 


2.8 

16 

2.0 

p— SOiNHCiH.OH 

11.0 

10 5 

8.8 

11 1 

2.65 

16 

1.5 


‘ Minimal lethal dose not indicated in table, but averaged 50 per cent more than the LD» 


value. 

’ Inexact; Internal conflict in results at different dosages. 

previously reported, the direct treponemicidal activity is apparently the primary 
factor in determining therapeutic activity. Such other factors as varying rates 
of excretion, or conversion in vivo to compounds either more or less active than 
that injected, are apparently of secondary importance.^* 

> The recent failure of Kolmer, Kast and Rule (0) to obtain consistent results in their 
in vitro assays of treponemicidal activity rests in part on the fact that they were working 
with arsphenamincs. These are known to be inactive as such (7), and must first be oxi- 
dized presumably to the corresponding arsenoxide. In the original description of the in 
vitro Msay (3) it was stressed that the method is applicable only to those compounds which, 
like phenyl arsenoxides, act directly on the spirochete, without necessary preliminary 
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Discussion The foregoing results indicate a definite corielation between the 
chemical structure and biological activitj of amide substituted phenyl arsenox- 
ides and their denvatives Terminal amide groups (R-CONH?, R SOjNH«) 
regularly caused a marked (80 to 90 per cent) decrca'?e in the toxicity of phenyl 
arsenoxide (table 1), but did not decrease its treponemicidal activity to the same 
degree (table 1) In consequence, the ratio of treponemicidal activity toxicity 
was 1 9 to 0 1 times as fa\ orable as that of the parent phenj 1 arsenoxide Simi- 
larly favorable chemotherapeutic indices were obtained on determining the 
toxicity and therapeutic activ ity of these compounds m sj philitic rabbits 

This detoxifying effect was a property of terminal amide groups, and was ob- 
served whether that amide group was attached directly to the benzehe rmg, as 
m the case of the 3- and 4 CONHj and -SOjNHj compounds, or through 
some intermediate Imkagea, as m the substituents -NHR, -OCHjR, 
-CH=CHU, -CHsR, -(CHj),R, -NHCO(CH,)aR, and -NHCHiR, where Rstands 
for the -CONHj grouping The only amides so far encountered m which this 
favorable effect w as not obsen ed were compounds found to hydrolyze in dilute 
alkali to the corresponding acid (1) 

When either or both of the amide hydrogens were substituted, the chemo 
therapeutic properties of the compound shifted toward those characteristic 

conversion to other compounds It should further be pointed out that ICoImer, Kast and 
Rule failed to control adequately some of the important variables in the tn vitro assay 

a Tme factor As shown in an earlier paper (7), the spirocheticidal (actually, spiro 
chete-immobilizing) activity of arsenicals tn utro is a function of time In concentrations 
comparable to those momentarilj attained m the human body after their therapeutic ad- 
ministration arsphenamincs and arsenoxides usually have no visible eilect for a variable 
period, sometimes exceeding one hour Only after this initial lag docs one observe the 
characteristic progressive immobilization In the fifteen minute incubation period used 
by Kolmer and his co workers only relatively large concentrations of arsenical would have 
an effect, and it follows from the shape of the time immobilization curves (7) that in those 
h/gh concentrations, w ith rapid and progressive immobilisation dunng the counting penod, 
quantitative comparisons W'ould be difficult if not impossible Even with the longer ex 
posure lime (two to four hours) used in our own experiments, it has been necessary to con- 
trol this variable bj the addition of cysteine, which instantaneously stops the action of the 
arsenoxides (8) 

b A erobiasit Suspensions of spirochetes obtained from rabbit chancres tend to become 
progressively less motile if kept aerobically at room temperatures We have regularly 
found the spirochete immobilizing activity of the phcnjl arsenoxides to be greater aero- 
bically than anaerobically, probably because aerobically there is a summation of the de- 
leterious effects of oxygen and of arsenical To control fhis variable vre have found it neces 
sary to conduct our assays in an anaerobe jar, under hydrogen and to add cysteine to all 
the tubes immediately after their removal from the jar preparatory to counting 

c Ttssue extractne Another important factor which Kolmer and his associates haxe 
failed to control adequately is the fact that tissue extractives may modify the spirochete- 
immobilizing activity of arsenicals (and of bismuth) to an extraordinary degree (7) (8) (9) 
Uncontrollable variations in the amount of tissue extractives in emulsions prepared in the 
same manner from different chancre testes may produce large differences in the apparent 
activity of an arsenoxide It follows that the incifro assay cannot be absolute, but that the 
activity of an unknown compound must in exery instance be compared with that of some 
reference compound tested at the same time, under the same conditions and with the same 
spirochetal suspension 
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of the new terminal substituent. Thus, the simple 4 -CH 3 phenyl arsenoxide 
had previously been shown (5) to have the same treponemicidal activity as 
phenyl arsenoxide, an even greater toxicity, and an activity/toxicity ratio of 
102/121 = 0.83, referred to that of phenyl arseno.xide as 100/100 = 1. The cor- 
responding index for the 4 -SO 2 NH 2 compound was 29.1/4.8 = 6.1. When 
one of the hydrogens of the P-SO 2 NH 2 compound was replaced TOth a -CHj 
group both activity and toxicity were increased, and the original index of 6.1 
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Log ot Treponemicidal Action 

a'o 2*5 3*0 3*5 4*0 

Relative Treponemicidal Activity In Vitro 

(Molar, referred to phenyl arsenoxide as 100) 

Fig. 1. The Correlation between the Treponemicidal Activitv in Vitro and 
Therapeutic Activity in Syphilitic Rabbits of a 
Series of Phenyl Arsenoxides 

• = Amide-substituted compounds and their derivatives listed in table 3. 

X =■ Mapharsen. 

' O = Questionable value for p— CHjCONHj compound. 

fell to 71.5/17.7 = 4.0. When both amide hydrogens were replaced tvith -CHa 
groups, the activity/toxicity ratio fell to 112/92.5 = 1.2. Clearly, the proper- 
ties of the compound had shifted toward those of the new terminal -CHs 
groups (p-SOzNCCHa)"). Substituting one or both amide hydrogens with 
-C 2 H 5 groups had the same effect. In the corresponding four -CONH 2 deriv- 
atives, a similar effect was produced by -CH 3 and -C 2 H 6 substitution. 

A benzyl or phenyl group substituted in one of the -CONH 2 hydrogens also 
obliterated the favorable effect of the amide. The most striking example of the 
fact that the properties of the substituted amides are determined m large part 
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by the terminal substituent was afforded by the p-CONHCHjCOOH phenyl 
arsenoxide. Acid substituents are known to cause a marked decrease in trepo- 
nemicidal activity (1); and the molar activity of this compound was 0.68, as 
compared nith 44.5 for the unsubstituted amide, both values referred to that of 
phenyl arsenoxide as 100. The toxicity was at the same time slightly increased, 
gi\'ing an activity/toxicity ratio of 0.68/15.7 = 0.04, less than that of the 
original amide. 
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Fig. 2. The “Chesiotkerapeutic Index” of Amide-Substituted Phenyi. Arsenoxides 

AND TMEIR DERIVATIVES, COMPARED WITH A VaRIETT OP OTHER 

Mono-Sxtbstitutbd Phenyi. Arsenoxides 

The chemotherapeutic index plotted in the figure is the ratio of treponemicidal activity in 
vitro: toxicity tn white mice, in each case referred to that of the unsubstituted phenyl arsen- 
oxide ns 1.0. 


Of those compounds in which substitution in an amide group did not 
obliterate or impair its favorable effect, four had terminal hydroxyl 
groups (p-CONHCiHiOH, p-SO^NHCiH^OH, p-CONHCONHCiHiOH, and 
p-CONHCHiCHOHCHjOH) and two others had terminal acetamido groups 
(p-CONHCsHiNHCOCHa and p-CONHCHjCHjXHCOCHi). It is significant 
that both of these terminal groupings, unlike any of those discussed in the 
preceding paragraphs, are knowm to exert a favorable chemotherapeutic effect 
if substituted directly into phenyl arsenoxide (cf. (5)), due primarily to the de- 
creased toxicity of the substituted compound. 

The generally favorable effect of amide substitution on the ratio of treponemi- 
cidal activityltoxicity, compared wdth that of other substituents (c.g., -CHj, 
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-CjHs, -NO2, -NHo, -OH, -NHCOCH3), and the intermediate position in that 
respect occupied by substituted amides, are graphically summarized in figure 2. 

It has recently been shomi (11) that the toxicity of phenyl arsenoxides is 
primarily a function of the degree to which they are bound by tissues. The 
low toxicity of the amide-substituted compounds is therefore probably related 
to the fact that they are not bound by the body cells to the same degree as the 
unsubstituted compound, or arsenoxides with e.g., -CH3, -CiHs, or -NO 2 
groups. Whether this rests on a selective permeability of the cell membrane, or 
on the V"i-ying affinity of these compounds for cellular constituents which, 
like -SH containing enzymes, are inactivated by arsenicals (12), are points 
which are now under study. 


SUMMARV 

Thirteen amide-substituted phenyl arsenoxides (-RCONH 2 , -ESO 2 NH 2 ) 
were, per unit arsenic, only 4.5 to 13.5 per cent as toxic as the parent phenyl 
arsenoxide. Since the treponemicidal activit 3 ' in vitro was not reduced to the 
same degree, the ratio of treponemicidal activity: toxicity was 1.9 to 6.1 times 
more favorable than that of phenyl arsenoxide. The favorable effect of amide 
groups was confirmed for ten of these compounds by assays of toxicity and thera- 
peutfc activity in syphilitic rabbits. 

When one or both of the amide hydrogens were substituted (e.g., 
-S02N(CH3), -CONH-pyridine), the effect of the entire group shifted toward 
that of the terminal substituent. In most cases, substitution in the amide there- 
fore caused an increased toxicity, and impaired the favorable effect of the amide 
group as such. Only in the case of the compounds with terminal hydroxyl 
acetamido or nitrile groups was the favorable effect of the amide altogether pre- 
sented, perhaps because th^se groups in themselves depress the toxicity of phenyl 
arsenoxide. 

The regularity with which substituents containing terminal amide groups 
decreased the toxicity and increased the chemotherapeutic index of phenyl 
arsenoxide suggests that some members of this series may be of clinical utility. 
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In prevnous communications from tins laboratorj it was shown that simple 
unsaturated Jactones like the angehcalactoaes (1), as well as ascorbic acid (2), 
cause sj stohc standstill of the isolated frog heart and counteract the effect of a 
perfusion fluid poor in calcium ions In this regard the substances are similar 
in their action to the cardiac glyco<?ides which contain in their molecule an un 
saturated lactone ring 

Krayer found that the action of ascorbic acid is not due to tlus substance itself 
but can be accounted for b> the formation of hvdrogen peroxide dunng the 
process of dehydrogenation occurring in solutions of ascorbic acid unless they are 
adequately protected (2, 3) H>drogen peroxide itself (2), the peroxide formed 
durmg the autoxidation of diothylether (4), and benzovl hjdrogen peroxide (6) 
cau*e sj stohc standstill of the isolated frog heart 

That hydrogen peroxide was responsible for the action of ascorbic acid was 
shown (2, 3) by prcv ent ing the cardiac effect of ascorbic acid solution in tw o w a> s 
1) by facihtating the destruction of hydrogen peroxide «o that m spite of continu- 
ous formation the concentration stajed below the level required for the effect 
upon the heart, 2) by preventing the formation of hydrogen peroxide The first 
was achieved by the use of catalase and of sodium p>Tuv ate , the latter w as accom 
plished by the use of serum globulin and diethyl-dithiocarbamate, substances 
which form complexes with copper and thereby inhibit copper catalysis, this 
having been shown to play an important role in the dehj drogenation of ascorbic 
acid (6) 

The elucidation of the action of ascorbic acid made it necessary to examine 
whether the unsaturated lactones found active on the frog heart also owed their 
action to the formation of substances with the characteristics of peroxides For 
this purpose it was investigated whether peroxides could be detected in the solu 
tions of a,/5 and 0,y angelicalactone, and to what extent the effect of the an 
gelicalactones upon the frog heart could be modified bj tw o groups of substances 
(1) catalase, sodium pjruvate, and peroxidase, ^2) serum globulin, cj'steine, 
glutathione, and dieth j 1-dithiocarbamate 

As it was possible to secure a stable water soluble organic peroxide, i butjl 
hydrogen peroxide, the biological action of which had not been studied hitherto, 

* Thia work ^aa carried out under the auspices of the Universitj Committee on Phar 
macotherapy 
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the cardiac efifect of this substance was compared ivith that of the angelicalac- 
tones and of ascorbic acid. 

The a,P- and ^,7-angelieaiactone used in this work were prepared by R. P. 
Linstead and D. Todd as previously described (1). The sample of t-buty] 
hydrogen peroxide was supplied by N. A. Milas, according to whose estimations 
it contained 98% (CHs)! = C-O-O-H and had approximately 16% available 
active oxygen; it was a colorless fluid with a specific gravity of 0.91 (7). 

Methods. The experiments were carried out on the isolated hearts of male frogs of the 
species Rana pipicns during all months of the year, using the cannula previously described 
(2), which allowed continuous replacement of the physiological salt solution. The rate of 
replacement was uniformly kept at approximately 2 cc. per minute. The physiological 
salt solution had the following composition: NaCl 0.65%; KCI 0.014%; CaCIs (anhydrous) 
0.011%; NaHCOj 0.02% (Clarkes Solution). The pH of the solution was approximately 8.0. 
The experiments werp carried out at room temperature between 23 and 26'’C. unless other- 
wise mentioned. Appropriate oxygenation of the solution was maintained by bubbling 
a stream of air through the fluid in part A of the cannula. 

Por the estimation of the presence of peroxide and of differences in the peroxide concen- 
tration of the solutions, Lommel's reagent was used as previously described (2). To pre- 
pare the reagent for the presentstudy, herain was employed, as no mesohemin was available; 
100 mgm. of 3-aminophthal hydrazide (“luminol”) and 5 mgm. of hemin were made up to 100 
CO. with a solution of 1% anhydrous sodium carbonate. Five cc. of this reagent were mixed 
with 10 cc. of the solution to be tested. The observations were made in the dark-room, 
after thorough adaptation of the eyes and with the test tube at a distance of 60 cm. from the 
eye of the observer. > 

The catalase used was a solution containing some suspended particles of a highly purified 
sample of crystalline beef liver catalase supplied by J. B. Sumner; the peroxidase was pre- 
pared from milk by the method of Elliott (8), or from horseradish by the method of KeiJin 
and Mann (9); the serum globulin was obtained from the laboratory of E. J. Cohn and 
consisted of 90% y- and 10% /3-globulin. The dilutions of catalase refer to the solution 
of Sumner’s preparation, 0.05 cc. of which added to 500 cc. (= 1 X 10~‘) was shown to 
be able to prevent the cardiac effect of a solution of f-ascorbic acid 1:10,000 at pH 
7.6 to 7.8, in the presence of oxygen (2). Unless otherwise stated, the concentration 
of all other substances mean weight in grams per volume in cc. of Clark solution. The 
concentration of the angelicalactones and of /-butyl hydrogen pero,xide in the test with 
3-aminophthal hydrazide refer to the dilution in Clark solution used for the test and 
not to the concentration in the final reaction mixture. In preparing the solutions for 
the study of the modifying effect of the two groups of substances upon the cardiac action 
of the lactones and /-butyl hydrogen peroxide, the potential modifjdng agent (e.g., sodium 
pyruvate) was first dissolved in the Clark solution in the desired concentration before the 
angelicalactone or /-butyl hydrogen peroxide was added. 

I. C.4RDIAC ACTIOX- AND PEROXIDE CONTEXT OF THE ANGELICALACTOXE SOLU- 
TIONS. The solutions of and p,7-angelicalactone in concentrations capable 
of a heart effect contained peroxides, as could be shown by the reaction of the 
solutions tvith 3-aminophthal hydrazide. The intensity of the luminescence was 
proportional to the concentration of the lactones and in equimolar solutions was 
much stronger with ;3,7-angelicalactone than with a, ^-angelicalactone. The 
minimal concentration of /3,7-angelicalactone at which luminescence was distinct 
was one part in 3 to 5 million, ivhile for a,/8-ange]icalactone the dilution was one 
part in 200,000 to 300,000. 
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In its to c'luvc.s's-stolic arrest of the isolated frog heart nngelicalac 

tone nas found to be about ten times more potent than angelitalactone (1) 
The difference m the lumme'^ccnce reaction of the tuo lactones therefore corre 
spond" to the (liffcicnce m their cardiac activity 
PorfuMon of tlie volutions of the nngelicalactoncs tliiough the heart did not 
noticeahl} iltei tlie intcuMt^ of the himintstciicc , tins ^\as of about tlie same 
j'ticngtli 111 samples of tbe same solution hcfoic and after contact with the heart 
muscle tissue 

The substances capible of dcstroMiig ludiogen pcioside oi of interfering with 
peroxide formation did not modifj m a unifoim wa\ the cardiac action of the 
angehcaheton solutions The \aried results are illustrated in figure 1 for the 
a,0 angehcalactoao 



r 




I ir 1 I hjLCT (naff Xsrn u Ai htosi' (2 X 10 *> on iin IsoLATtu I noo Hi 


' X 

(MS The 'nhuitustration of the 
lactone soliili )ij or of the hetoue s< lulion with the luldc 1 substance started at zero tune 
Vt \ in 0 tl e iliiiin ^vns btup] cd fi i 2 I airs uul 20 innuitcs 


A CJfccl of cnlaldfc, pcrotulasi , and sodium pyrmak While hjdiogcu pero\- 
idt leadih reacts with c it ilase |>cio\i(Iist and soiluim pj iu\ itc tlu peroxults 
picsciit in the solutions of the angelic ilictoncs wcit to a gieitei oi Icssei degree 
resistant to these igents It tin l>e seen fiom table 1 that i contenti ition of 
catalase as high as 2 X 10 * of Sumnei h picpaiation of cr\stalhnc catalase 
excited \ci 3 little if anv piotcction ngiinst the action of /3 ,y aiigchcalactone 
upon the heait and had no cITect on the ictioii of angchc ilactone Peroxi 
dasc m a conccntiation of 2 X inhibited or at least gioiith dclajcd the 
action of 0,y angelicalactom, while it did not protect the heart against the effect 
of a /3 angelicalactonc A difference similar to that between the protectue 
action of catalase uid peroxidase on the 0,y angelicalactonc was noticed bj 
Siimnci (10) with icgaid to tlie water soluble peioxide foimed bj exposing oil 






TABLE 1 

The effect of catalase, peroxidase, and sodium pyriaatc on Ike action of &,y- and a, 0-angchcalactone and t-bulyl hydrogen peroxide on the 

isolalcii frog heart 
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•These experiments ^^ero done with horseradish peroxidase, the others with milk peroxidase. 
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of turpentine and ^\ater to oxjgen. and light Sodium pyruvate 1 X 10“® 
greatly delajed, although it did not pre\ent, the effect of both a,^ and ^, 7 - 
angelicalactone, while a,^ and / 3,7 angelicalactone both produced complete 
systolic effect in a period of appiOMmalclj hours m concentrations of 2 X 10~* 
and 2 X 10“^ respecti\ ely, it took approximate)} 7 hours to observe the same 
effect in the presence of pyruvate (^ee fig 1, D, for angelicalactone) 

B Effect of serum globulin, cys'etne, glutathione, and diethyl dithiocarhamate 
As shown m table 2, cysteine and glutathione completely protected the heart 
agamst the action of ce,fi and ^,7 angelicalactone for periods longer than 3 hours 
Serum globuhn also inhibited the effect of both angehcalactones when it was 
present in a concentration of 2 X 10~* A concentration of 1 X lO'* considerably 
delayed the effect, for it took approximately 6 hours to cause complete systoho 
effect against 1^ to 2 hours m the control experiments (see fig 1, A, and E) 
Diethjl dithiocarbaraate 1 X 10~* delajed or pre\ented the action of both lac 
tones, but it could not be accurately ascertained to what degree because diethyl- 
dithiocarbamate in this concentration m itself was capable of bnnging about a 
systolic effect within a period of approximately 5 to 7 hours 
C The luminescence reaction with 3 aminophthal hydrazidc The substances 
used (see A and B) to dela> or pre\ ent the action of the angehcalactones upon the 
frog heart did not affect m all cases to a corresponding degree the appearance and 
intensit} of luminescence produced by the angelicalactone solutions when react- 
mg with 3 aimnophthat h>drazide Catalase, when the concentration was high 
enough to cause a slight delay in the cardiac effect of angelicalactone (table 
1), also slightly decreased the luminescence Sodium pjTUvate and diethjl 
dithiocarbamate distinctly diminished the mtensit} of the luminescence when 
used in concentrations that delajed or abolished the effect upon the frog heart 
On the other hand ‘serum globuhn in concentrations capable of distinctly affect 
ing the heart action of the angclicalactones did not noticeabl} decrease the 
luminescence Cjsteme or glutathione actuaU> increased the mtensitj of the 
luminescence in the solutions of the angclicalactones when reacting wath 3 amino 
phthal hydrazide This can probablj be explained bj the fact that cjsteine 
and glutathione are able to form peroxides when exposed to oxjgen in strongly 
alkabne solution ( 11 ) 

II Effect of ^ butil hydrogen pbrio'vidb The characteristic effect of 
t but>l hydrogen peroxide on the frog heart mounted according to the Straub 
Fiihner technique is shown m figure 2 A concentration 2 X 10^ produced a 
short lasting depressant effect followed by a period of half rhythm and then by 
an increase m amplitude with increase m heart rate, wnthin a penod of approxi 
rnatelj 30 minutes the ventncle stopped in sjstole When the perfusion fluid 
was continuous!} replaced, a concentration of 1 X 10“^ caused systohe standstill 
in a penod of 54 to 92 minutes (see fig 3, A) 
t But}I hydrogen peroxide and angelicalactone had a cardiac actnit} of 
the same order, as can be seen from a companson of the abo^ e results with those 
pre\ lously reported [(1), see fig 7] The limit concentration of t but}l hydrogen 
peroxide to give a distinct luminescence with 3 aminophthal h}drazide was one 
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Fia 2 Cfffct of t But^l IIydroofn Peroxiof on thc Isolated Froo Heart 
Straub technique At sign, / buljl lijdrogcn peroxide 2 X 10 * The numbers aho\e 
the time line indicate heart rate per mmute A, auricle, ventricle Tune in minutes 




Fio 3 Effect of / Butyl Hydroofn Pcroxide (1 X 10“*) os the Isolated 
Proo Heart 

r ’ f . » . ' I butyl hydrogen peroxide 

IX' ■ • peroxidase 2 X 10“*, D, with sodium 

pyri . « • • • ysteine 1 X 10“*, G, w ith glutathione 

25 ■ ■ .'lx 10“‘ Tlie numbers above the 

time line indicate heart rate per minute Time m hours The administration of the 
solution of I butyl h} drogen peroxide, or of thc peroxide w ith the added substance, started 
at zero time. 




158 


RAFAEL AtENDEZ 


part in 2 to 3 million, and its activity in this regard, therefore, is also of approxi- 
mately the same order as that of /?, 7 -angelicaIactone, and, like the cardiac effect, 
about ten times greater than that of <ar,/9-angeIicalactone. This relation also 
holds on a molar basis, as the molecular weight of the angelical actonesis 98, while 
that of t-buty] hydrogen peroxide is 90. 

As shown in tables 1 and 2 , none of the substances which destroy hydrogen 
peroxide or interfere with its formation and which delay or prevent the action 
of solutions of ascoibic acid or of the angelicalactones had any delaying or 
diminishing effect whatsoever on the action of /-butyl hydrogen peroxide upon 
the frog heart. Prom figure 3 it can be seen that the heart action also was not 
modified in a qualitative way by any of the substances administered together 
with the /-butyl hydrogen peroxide. This, of course, was to be expected, as the 
substances used interfere ivith the formation of the pero.vides rather than with 
their biological action. Similarly, the luminescence with 3-aminophthai h 3 alra- 
zide produced by the solutions of /-butjd hydrogen peroxide was not inhibited to 
any extent by any of the substances mentioned. 


Peroxitlnse? 


Angelicalactone 


O2 


Metal 

Catalysts 

t 

Serum globulin 
Glutathione 
Cysteine 
Diethyl-dithio- 
carbamate 


Organic > 

Peroxide 

\ / 
Inorganic 
Peroxide 

T 

Catalase 
Peroxidase 
Pyruvic acid 


Systolic effeet 
on frog heart 
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SUMMARY AND CONCLUSIONS 

The effect of a,0- and ( 3 , 7 -angeIicaIactonc on the isolated frog heart can be 
accounted for by the formation of peroxides in the solutions of these substances. 
The relative intensity of the cardiac activity of solutions of a,y3- and / 3 , 7 -angeli- 
calactone corresponds to the relative intensity' of the luminescence occurring 
when the solutions react with 3-aminophthal hydrazide. 

The peroxides of the angelicalactones are resistant to the action of catalase. 
Pero.xidase reacts more readily with the peroxide of 0 , 7 -angelicaIactonc than 
with that of its a-,/3- homologue. Sodium pyruvate reacts distinctly and about 
equally well M-ith the peroxides of the two angelicalactones. Serum globulin, 
cysteine, glutathione, and diethyl-dithiocarbamate, the substances which form 
copper complexes and interfere with copper catalj'sis, greatly decrease or prevent 
altogether the effect of both angelicalactones upon the heart. The effect of these 
groups of substances upon the formation and destruction of oxidation products 
of the angelicalactones can be schematically represented as shown in fig. 4. 
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f-But\] hydrogen peroxide causes irreversible sjstolic standstill of the frog 
heart Its effect is not at all modified by catalase, peroxidase, sodium pjTU\ ate, 
or the substances which inhibit copper cataljsis 
Considering the i\ay in \iluch their cardiac effect can be modified bj catala'^e, 
peroxidase, sodium pj-nivate, and the substances inhibiting metal catalj'sis, the 
oxidation products formed m the solution of the angehcalactones fall in betiveen 
hjdrogen peroxide and t but}! hydrogen peroxide 
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for the preparation of the milk and horseradish peroxidases 
REFERENCES 

(1) KrayeRjOjR Mendez, E MoissftdeEspan£s avdR P Ltnstead, This Jourvai/, 

74, 372, 1942 

(2) Krayer, 0 , R P Linstead, and D Todd, This JotRVAL, 77, 113, 1943 

(3) Krayer, 0 Proc Soc Exp Biol Med , 63, 51, 1043 

(4) Mita, J Arch f exper Path u Pharmakol 104,276,1924 

(5) Rictitbr, H , Arch f exper Path u Pharmakol , 194, 362, 1940 

(6) Lx MAN, C M,M 0 Schultzs anoC G Kivo, J Bio! Chem 118, 757, 1937, Dex- 

KER A 0,andR C Dickinson J Am Chem Soc 62,2165 1940, St&inuan, H 
G , AND C R Dawson J Am Chem Soc, 64, 1212 1942, Guzman Barroo, £ S, 
R H DeMeio, andF Klemperer, J Biol Chem 112,625, 1936 

(7) Milas, N A , and S A Harri<i, J Am Chem Soc , 60, 2434, 1938 

(8) Eluott, K a C , Biochem J , 26, 10, 1932 

(0) Keihn, D , and T Mann Proc Roy Soc London B 122, 119, 1937 

(10) Sumner, J B , and G F Somers, Chemistry and Methods of Enzymes p 171. New 

York Academic Press 1943 

(11) ScHALEs, 0 , Ber d Deut Chem Gesel) , 71, 447, 1938 



PLASMA CONCENTRATIONS FOLLOWING THE ORAL ADMIN- 
ISTRATION OF SINGLE DOSES OF THE PRINCIPAL 
ALKALOIDS OF CINCHONA BARK' 
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A Study has been made of the plasma concentrations follou-ing the adminis- 
tration of an oral dose of each of the four principal cinchona alkaloids — quinine, 
qninidine, cinchonidine, and cinchonine — using normal human subjects. This 
study was undertaken for the purpose of determining the factors which influence 
the plasma concentrations of alkaloid achieved after administration of the mixed 
alkaloid preparations, Totaquina (U.S.P. XII). The plasma concentrations 
after oral doses of quinine have been described, but little is knoum. about the 
plasma concentrations of the other alkaloids (1). 

\ 

Methods. The subjecta were volunteer students from New York University College of 
Dentistry. The alkaloids were administered as the free bases, usually in gelatine capsules, 
about three hours after breakfast; but sometimes the powder was placed on the tongue 
and washed down w'ith water. Blood samples were taken from the arm veins at one, two, 
three, five, and, in some cases, twenty-four hour intervals after the drug was administered. 
The subjects usually had lunch after the Uvo-hour sampling. The blood samples were cen- 
trifuged immediately, and the separated plasma refrigerated until it could be analysed. 
The estimation of alkaloid concentration was made by the colorimetric method devised by 
Brodie (2). 


Results. Typical experiments are summarized in the accompanying graphs. 
These represent experiments in which there was administered ten milligrams of 
the free alkaloid per kilogram of body weight. A number of additional e.xperi- 
ments utilized smaller doses However, the results were essentially the same 
except for a lower plasma level and need not be detailed here. 

The data of figure I demonstrate a marked difference in the plasma concentra- 
tion achieved after identical doses of the different alkaloids. The concentration 
after taking quinine is the highest, with quinidine and cinchonidine next, while 
cinchonine is very low. However, there is considerable variation in the curves 
obtained from the different individuals in the series. Because of this variation, 
a number of experiments were carried out in which several different alkaloids 
were given to the same individual. The e.xperiments on four such individuals are 
presented graphically in figure 2. These fortify the data summarized in figure 1, 
in that the same differences are observed. Three of these subjects were observed 
following the administration of ten milligrams of Totaquina per kilogram of body 


1 The work described in this paper was in collaboration with other studies by The Re- 
search Service, Goldwater Memorial Hospital, done under a contract recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and New York University. 
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^\ eight The concentration of alkaloid found after such a dose of Totaquina is 
of the expected order of magnitude, consideiing the composition of the mixture * 
Obser\'ations taken at 24 hours were of little help In the further examination 
of this aspect of the problem In general, except for cinchonine, there was 



remaining m the plasma about 0 2 to 0 8 milligrams per liter of plasma. The 
cinchomne had completely di'^appeared There was no consistent difference 

*This Totaquina (Lillj lot No 43187) assated by the second U.S P \II supplement* 
Cinchonine, 26 46%, cmchonidine and quinine, 37 07%, qmnidme, 9 17%, quinine, 11 34% 
Total alkaloids, 72 99% 
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among the remaining alkaloids. It is obvious that the further definition of the 
problem wll require observations during the five to twenty-four hour interval. 

Incidental to the running of the standard curves, observations were made in 
which the alkaloids were administered shortly after a meal. In all cases the 



Hours offer oral dose oflOmg per kq 

Fig. 2. The concentration of each of the four principal cinchona alkaloids in the plasma 
of normal men during the first five hours after an oral dose of 10 mgm. of the free base per 
kilogram of body weight. The curves in each block (A, B, C and D) represent data from 
a single individual. 

plasma concentration during the next five hours was much lower than under the 
standard conditions. This would indicate that a major cause of variation in the ' 
plasma levels attained with equivalent doses of any one alkaloid is the amount of 
food in the stomach at the time of taking a dose. 
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No individuals manifested a definite idn^incrasy to any of these alkaloids, 
although most reported mild symptoms of cinchonism wth doses of ten milli 
grams per kilogram The'^e <5jmptoms consisted of a feeling of fullness in the 
head, a hcaMness of the ejelids, a drj mouth, and an exaggeration of the hand 
tremors More than half of the subjects taking cinchonine had a period of naii«:ea 
within an hour 

Discussion A most stnking difference is apparent uhen the results on the 
optical isomers, cmchomdine and cinchonine, ire compared Such a diffeience 
in the case of two substances of similar molecular structure indicates that one or 
more of the cellular processes invohed m the absorption, distnbution, degrada- 
tion, or excretion of thc«e alkaloids (which together determine the plasma 
concentration) is capable of discriminating between these isomers 

It has been reported that all four alkaloids are about equally effective in the 
treatment of malaria when administered orallj (1) Consequentlj if the anti 
malanal activity of each alkaloid is pioportional to its plasma concentration, then 
theieare marked differences in their mhcicnt anti plasmodial activity Fuither 
more, the therapeutic cffcctiieness of anj mixtuic of the alkaloids, such as 
Totaquina, should not \ary extensively with the proportions of the various 
constituents 

SUMMARY 

1 Studies of the plasma concentrations, after taking oial doses of quminc, 
quinidme, cinchomdmc, cinchonine, and Totaquina, were made using noimal 
dental students as subjects 

2 With equivalent doses tlicrc arc marked differences in the plasma concentra 
tions reached aftei taking different cinchona alkaloids Quinine gives the highest 
concentrations, cmchomdine and quinidmc next, while cinchonine gives verj 
low plasma concentration 

3 The plasma concentration after administering Totaquina is about what 
would be expected from the additi\e effect of the constituents 

4 The plasma concentration of any of the alkaloids is markedly lower if the 
do‘5e IS administered immediately after a meal 
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Abnormal increases in plasma of such substances as lactate, pyruvate, phos- 
phate, potassium, creatine, thiamin, amino acids, and so forth, have been shown 
to occur in shock. The accumulation of intermediary metabolites in large 
amounts is, in part, a result of the anaerobic metabolism of the cell necessitated 
by the diminished oxygen supply to the tissues. Under anoxic conditions, since 
the cell becomes more permeable (1), substrates and other substances which 
normally are used by the cell diffuse into the plasma, where they are no longer 
able to be metabolized. The accumulation of intermediary metabolites as well 
as such substances as creatine, phosphate or thiamin is, however, also a result 
of a destruction of the enzyme systems themselves. Thus, it has been shown 
that one reason for the failure of pyruvate to be metabolized in shock induced by 
hemorrhage and in anoxic anoxia is that the specific coenzyme, cocarboxylase, 
of pyruvic oxidase, becomes hydrolyzed by an enzyme present in the cell (2). 
The thiamin produced from this hydrolysis, due to its greater diffusibility, and 
to the increased permeability of the cell, diffuses into the blood stream where it 
is no longer utilizable as a coenzyme for intracellular metabolism (3). On the 
administration of large doses of thiamin to dogs in shock, some thiamin re-enters 
the cell and is synthesized to cocarboxylase (2). 

The effect of shock induced by hemorrhage on two other eoenzymes essential 
for intracellular metabolism has now been investigated. Cozymase (coenzyme 
I or diphosphopyridine nucleotide), the nicotinamide containing coenzyme which 
is essential for the metabolism of a large number of substrates including lactate, 
malate, /3-hydroxybutyrate, and diphosphoglyceraldehyde, and alloxazine 
adenine dinucleotide (flavine adenine dinucleotide), the riboflavin containing 
coenzyme, which is essential for the reoxidation of reduced cozymase as well as 
for the metabolism of many substances, among them amino acids, have been 
determined in muscle, liver and brain of control animals, and in animals before 
and after shook by hemorrhage. 

Geneual Methods 

Twenty-five dogs were used. Shock was induced in twenty, and five were used as 
controls. 

1 This work was done under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Development and Vanderbilt 

University. mu 

This paper was rele.ased for publication on February 12, 19«. 
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Anesf/tcftc The dogs ncrc anesthetized tvith pentobarbital sodium as described pre 
viously (4) 

Frodwction of shod Shock was induced by the method (4) alreadj described which 
consisted of arterial bleedings at half hour intervals until the blood pressure remained 
below 60 mm The amounts of blood removed were as follows 2 bleedings of 1% of 
bodj weight, 2 of 0 5%, and all succeeding bleedings of 0 25% 

Tissues analt/'ed Analysis for coz 3 maseandalloxazine adenine dmuclcotideCA A P } 
were done on samples of muscle, liver and brain The first samples %Yere removed from 
all dogs one hour after the animal had been anesthetized In general the second aam 
pies were removed from the bled dog after he had been \n shock (or one hour, or after a 
shorter time if the animal were in such condition that he would not live for the full 
hour, and the third samples one hour after the second samples In the control animals 
the second samples w ere removed three hours after the first and the third one hour later 
Muscle samples were taken with scissors from the deltoid muscles, Jivcr by means of 
a cork borer, and cerebral cortex from holes trephined m the skull A separate hole 
was made for each brain sample to avoid the possibility of obtaining damaged tissue, 
since damage has been found to accelerate destruction of cozjroasc 

The samples were weighted immediately after removal from the dog plunged into 
boiling water, and heated at 100** for five minutes The time required for these opera 
lions varied between SO seconds and minutes The tissues were snipped with scissors, 
homogenized, diluted to an appropriate volume and centrifuged 

Part I. Coz\ma8E 

Melhod for determining co’I/maae Cozymase was determined by the method of Axel 
rod and Elvehjem (5) which was developed from von Euler’s earlier method (6) 
The apozymase was prepared from Gerst's brewers’ bottom yeast* in the follow- 
ing manner The filtered yeast was spread out m a thin Ia>er and dried under a fan 
at room temperature Fort} grams of dned yeast were stirred in 1600 cc distilled water 
for 3) to 4 hours The suspended > cast was centrifuged washed twice with distilled water 
and dned at room temperature under a fao The dned apozymase w hen stored in a desicea 
tor in the refrigerator remains active indefinitely Fifty milligrams of most apozymase 
preparations was sufficient for one determination of coz^-mase, and produced volumes of 
COj which were directlj proportional to the amount of cozvmase added up to 20 v The 
amounts of hexosediphosphate glucose, buffer, magnesium and manganese were those 
recommended b> Axelrod and Elvehjem (5) Nicotinamide, thiamin and riboflavin had no 
effect on the rate of fermentation Standard curves were made for each set of determina- 
tions by adding ID and 20 y coz>mase to the reaction mixtures 

Cozymase w as prepared b} the method of ^ lUiamson and Green (7) The purity of the 
preparation determined by the dithiomte method and on the phosphorus content was 
found to be 70% 

Results Table 1 shows the results of analyses for cozjTnase of tissues of 
control dogs In most cases the tissues show either no change or an increase in 
cozjTnase These are similar to the results obtamed on cocarboxjlase determi- 
nations m control animals In two cases muscle shows some decrease It 
should be pointed out that in obtaming samples some bleeding frequentlj 
occurred and there were occasionally transient decreases m blood pre'^sure, 
which, however, never reached shock level This might account for the changes 
occurring m muscle In hv er and brain no appreciable decreases occurred in the 
control animals 

In table 2 are given the results of cozymaase determinations of dogs subjected 
* Kindly supplied by the Gerst Brewing Company, Nashville, Tennessee 
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to hemorrhage. In contrast to the control animals these dogs showed frequent 
decreases in cozymase content of the tissues analyzed. For all animals subjected 
to hemorrhage the cozymase content of the second samples had decreased in 
58% (ii) of the cases for muscle, 42% (.^) of the cases for liver and 60% (^) of 
the cases for brain. In some cases 3 samples were removed and no therapy was 
given to determine whether spontaneous increases in cozymase occurred. A 
spontaneous increase does not occur as evidenced by the fact that either no 
change or further decrease usually occurred between the second and third sam- 
ples. In these dogs there was only one case, namely, muscle (dog 126) where an 
appreciable spontaneous increase in cozymase occurred. These decreases in 

TABLE 1 


Control dogs 


COG 

TIWE 

COZYUASE IN 7/CRAM TISSUE 

Muscle 

per cent 
change 

Liver 

Per cent 
change 

Brain 

Per cent 
change 

98 (12.0 kg., c?) 

0 



1855 





1 hr. 



1744 

-6 



112 (9.0 kg., ) 

0 

1325 


2190 


1205 



3 hr. 20 min. 

1680 

-i-27 

2600 

-I-I9 

1215 

0 


4 hr. 15 min. 

1345 

-20 

2500 

0 



113 (7.5 kg., 9) 

0 

1630 


2430 


1940 



3 hr. 

1770 

-i-9 

2680 

-hio 




4 hr. 

1790 

0 

2900 

+8 

2220 

+14 

133 (10.7 kg., 9 ) 

0 

1660 


968 


948 



3 hr. 

1712 

0 

928 

0 




4 hr. 

1670 

0 

1250 

-t-35 

1125 

+19 

140 (8.0 kg., 9 ) 

0 

1470 


2150 


1180 



3 hr. 

970 

-34 

2680 

+25 

1336 

+13 


4 hr. 

1440 

-i-48 

2560 

0 

1640 

+23 


Values of less than 5% are considered as zero in all tables.. 


the third samples indicate that if shock is prolonged sufficiently all tissues 
eventually will show a destruction of cozymase. Brain seems to be the first 
tissue to be affected since it shows the most frequent decreases in the second 
sample; muscle is the next to be affected, and liver is the least affected. Liver may 
be the last to be affected since it is a storehouse for the vitamins and the destruc- 
tion of coz5Tnase may be prevented by the presence of excess nicotinamide, as 
found by Mann and Quastel (8). 

Table 3 gives the results of experiments in which shock was induced by hemor- 
rhage and vitamin therapy was given. In contrast to the dogs in table 2 the 
third samples removed after therapy usually show an increase in cozymase. The 
number of cases in which an increase occurred after administration of nicotinic 
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TABLE 2 

Dogs subjecierf to hemorrhage — no therapy 



180 (9 0Xg , 9) 3 S2 Before ebook 

After 60 mto ehock 


131 (5 8 kg, 9) 3 1 Before shock 

After 60 mtn shock 


109 (11 0kg ,9) 

? 

Before shock 
' After 60 mm shock 
■ No ther-ipy 

123C90kg 9) 

3 3 

; Before shock 
, After 60 min shock 
' No therapj 

126 (12 0kg .9) 

3 54 

Before shock 

After 60 mm shock 
No therapy 

136 (8 45kg 9)' 

2 70 

Before shock 

After 60 mtn shock 

141 (llOkg.cf’)' 

3 5 

Before shock 

After 60 mm shock 

142(11 0kg, rf-). 

4 45 1 

Before shock 

After 60 mm shock 


1174 


1713 


1220 

1540 

+31 

1600 

-7 

8S0 

766 

-50 

1425 

-11 

842 
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TABLE 3 


Dogs subjected to hemorrhage followed by therapy 


DOC 

PER CENT 


COZYMASE Ttfy/CRAU DRY TISSUE 



Muscle 



Per cen 
change 

Mj 

Percent 

change 


100 (9.3 kg., 9) 

3.95 

Before shock 

1535 

■■ 







After 30 min. shock 

1595 

0 


-3 

1450 

-10 



Therapy (25 min. 



Eiffil 

'+50 





after TiVRC)* 





H 


103 (10.8 kg., o’) 

4.0 

Before shock 

1255 


B 


980 




After 30 min. shock 

1195 

-6 


+18 

996 

0 



Therapy (TRNC) 


+2 

m 

,+21 

1130 

+15 

117 (7.7 kg., 9) 

3.75 

Before shock 



1135 


748 




After 60 min. shock 

803 

-33 

1410 

+24 

854 

+14 



Therapy (N) 

732 

-11 

2720 

+93 

1320 

+55 

128 (8.1 kg., 9) 

2.8 

Before shock 

868 




940 




After 60 min. shock 

Iml 

+18 

1530 

+26 

824 

-12 



Therapy (TRNC) 

B 

+5 


+46 

880 

+7 

132 (4.1 kg., e) 

3.45 

Before shock 

1110 


1330 


804 




After 60 min. shock 

Bs j 

-11 

1475 

+11 

818 

0 



Therapy (RN) 

Qil 

+45 

930 

-37 

1135 

+39 

135 (7.0 kg., 9 ) 

4.0 

Before shock 

950 


IPS 






After 60 min. shock 

825 

-13 

B!k!1 


845 

+14 



Therapy (RN) 

1150 

+39 

1785 


758 



* T = thiamin, S mg.Ae.; H = riboflavin, 5 mg./Jeg.; N = nicotinic acid, JO mg./kg.; C 
= ascorbic acid, 5 mg./kg. 


TABLE 4 

Amount of bleeding required to produce shock correlated with the percentage destruction of 

cozymasc 


(Average bleeding of the group — 3.5S%) 


AMOUNT OF BLEEDING IN PER CENT 

OF BODY WEIGHT 

1 NO. or CASES IN WHICH A DECREASE OF COZYMASE OCCURREC 

Muscle ' 

Liver 

Brain 

Less than 3.58% 

7/11 64% 

5/10 50% 

9/11 82% 

More than 3.58% 

4/7 57% 1 

2/8 25% 

2/8 25% 

.... 


1 NO. OP CASES IN WHICH AN INCREASE OP COZYMASE OCCURRED 

1 . . _ 

Less than 3.58% 

3/11 27% 

4/10 40% 

1/11 9% 

More than 3.58% 

2/7 29% 

4/8 50% 

4/S 50% 


acid, or nicotinic acid along ttdth other vitamins was 60% (f) for muscle, ^% 
(I) or liver and 80% (|) for brain. The amount of cozymase synthesized 
frequently e.^ceeded that present in the animal at the start of the experiment. 











































COZ^MASE ^ND ALIOVAZINL ADEMNF DINUCLLOTIDF 1G9 

In table -4 the amount of bleeding necessary for the induction of shock is 
correlated mth the number of cases in >\hich destruction of cozymnse occurred 
It mil be seen that the group of dogs A\hich went into sliock with less than the 
a\ erage amount of bleeding contnincd a largci number of c ises in which destruc 
tion of cozymase occurred This js particularly true of brain where 82% of the 
low bleeding group showed cozjmasc destruction, wlulc only 25% of the high 
bleeding group showed a decrease On the other hand the tendencj for some 
synthesis of cozjmQ‘:e to occur was greater in the group which required a large 
amount of bleeding to produce shock In brain 9% of the low bleeding group 
showed synthesis while 50% of tho high bleeding group showed an increase of 
cozymase on bleeding 

Discussion The disappearance of cozvmase especially on destruction of the 
cell structure has been obscr\ ed by von Euler and co workers (9, 10, 11) In the 
experiments here reported destruction of cozymasc was found to occur most 
frequently in brain, less m muscle and least m h\ei The findings of Das and 
von Euler (12), that the reduced form of cozyma«Jc is more easily hydrolyzed b> 
tissues than is the o\idi‘!cd form, may explain the destruction of cozymasc which 
has been found to occur in shock, since the reduced form would probably 
accumulate as the tissues become anoxic 

Brain appears to be the first tissue to become affected by licmorrhage bincc it 
shows decreases in cozymase most frequently However, if shock is sufficiently 
prolonged other tissues excntually show cozymasc destruction since the cozyma«e 
content of the third samples of animals which did not receive therapy allowed 
further decreases 

Under the conditions of our experiments administration of nicotinic acid is 
essential for a resynthcsis of cozyma'*c since in animals subjected to a similar 
degree of shock wathout therapy there is raicly a spontaneous i-esynthesis of 
cozynmase This would indicate that the administration of nicotinic acid to 
animals in shock might prove beneficial in rcstonrg the metabolism to normal 

The finding that there is an imcrsc coi relation between the amount of bleeding 
necessary to produce shock and thcdcstiuction of cozymasc is m agreement with 
the earlier work on shock Goxici (3) found that the incidence of intestinal 
hemorrhage after bleeding was much highci in the group of animals which went 
into shock with a small amount of bleeding than m tint group winch required a 
large amount of bleeding to produce persistent hypotension That the break 
down of cozymase might be associated with intestinal bleeding is suggested by 
the work of Calder and Kcrby (13) who found tliat nicotinic acid was beneficial 
m xarious hemorihagic syndromes 

Pakt II Ailoxazixe Adenine DiNuciEorioE 
^leihod Sor delcTmimng Klloxa’tnc Adtninc DinucltoUdc {A A D ) A AD was deter 
lamed by the method of art urg and Chnstian (H) Tlie apoenzyme of d ammo ac tl 
oxida'^e « aa prepared from either dog or sheep kidneys * and A A D from citl er Flei«cl 
mann s bakers jeast or dog liver Tl c punt) of the A A D \sns determined by nuking 
uae of the data of ty irbiirt. and Chnstian who used A A D of 100% purity an 1 found 


* Kindly supplied In tl e Neuhoff Packing Company Knshville Tennessee 
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that the reaction velocity was one-half its maximum when the concentration of A.A.D. was 
0.196 y per cc. The purity of preparations varied between .07 and .26. Solutions were 
made which contained 1 y pure substance per cc. and were stored in the frozen state. 
A standard curve was made for each set of analyses and results are expressed as y 
per gram dry tissue. 


Results. Tlie results of determinations of A.A.D. on muscle, liver and brain 
of control dogs are given in table 5. It will be seen that in most cases an increase 
in A.A.D. occurred. In one case for muscle and one for liver there was a decrease. 
As already stated there was always some bleeding and probably some degree of 
shock was produced in obtaining samples, which might account for such de- 


TABLE 5 
Control dogs 


DOG 

Tiwi; 

AIXOXAZIKE AOEKIKE Ul-VrClEOTIDE IK y/cUU DSY TI5SCE 

Muscle 

Per cent 
change 

Liver 

Per cent 
change 

Brain 

Per cent 
change 


hrs. 







98 (12.0 kg., cf) 

0 



201 





1 



276 

+37 



112 (9.0 kg., cf) 

0 

■■ 


276 


65 



3 

■ 9 

-f7 

238 

-14 

64 

0 


4 

131 

+14 

234 

0 

66 

0 

133 (10.7 kg., 9 ) 

0 

■i 


604 


82 



3 


+8 

600 

0 

96 

+17 


4 

■■ 

+31 

644 

+7 

115 

+20 

140 (8.0 kg., 9 ) 

0 

123 


504 


60 



3 

104 

-17 

625 

+24 

63 

+5 


4 

121 

+16 

598 

0 

70 

+11 


creases in coenzyme in the control animal. In no case was there a decrease of 
A.A.D. in brain. 

Table G gives results of A.A.D. determinations on dogs before and after 
hemorrhage. It will be seen that appreciable decreases in the A.A.D. content of 
the tissues examined occur when the dog is bled. The number of cases in which 
a decrease occurs is 62% (-fe) for brain, 46%( fs) for muscle and 8% (A) for 
liver. Administration of riboflavin can result in a resynthesis of A.A.D., 
although the effects are not so marked as in the case of cozymase. 

Discussion. The changes in the A.A.D. concentrations which occur irith the 
onset of shock are similar to those found for cozymase. A destruction of A.A.D. 
occurs most frequently in brain and least frequently in liver when the animal is 
bled. The results are variable as one would expect since it is possible that a 
certain number of the animals were not in shock. However, the bled dogs as a 
group do behave differently from the control group. On the adimmstration of 
riboflavin to dogs in shock a resynthesis of A..A.D. can occur quite rapidly m 
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TABLE 6 


Dogs SMhjtcled to htmorrhage 


COf 

PZR CENT 
BLCCOIMC 


AUOXAIINE ADENINE DrNUCtEOTIDE INy/CRAJI 
DRY TISSUE 

MukIc 

r«r 

cent 

change 

L„„ 

Per 

cent 

change 

Brain 

Per 

change 

97 (16 2 kg, o') 

3 3 

Before shock 

103 


455 


70 




After GO iqio shock 

58 

-44 

436 

-4 

86 

+23 

99 14 8 kg, 9) 

3 0 

Before shock 

74 




53 




After 30 min shock 

9S 

+32 



40 

-24 

100 (9 3 kg , 9 ) 

3 05 

Before shock 

■1 


432 


61 




After 30 nun shock 

68 

-24 

438 

0 

58 

-6 

101 (9 4 kg . 9 ) 

4 4 

Before shock 

96 


346 


57 




After 25 miQ shock 

01 

-5 

506 

+46 

58 

■1 

102 (laokg.cf) 

3 9 

Before shock 

85 


425 


62 




After 60 mm shock 

113 

+33 

410 

-3 

33 

-37 

no (9 4 kg , 9) 

4 75 

Before shock 

122 


46S 


83 




After 20 min shock 

115 

-6 

454 

■ 

77 

-7 

126 (12 0kg, 9) 

3 54 

Before shock 

120 




63 




After 60 mm shock 

100 



+7 

66 

+5 



Therapj (R\C) 

120 



-4 

53 

-21 

128 (8 1 kg 9 ) 

2 8 

Before shock 

147 


432 


92 




After GO mm shock 

165 

+12 

39S 

-8 

82 

-11 



Therapy (TRN) 

191 

+ 16 

443 

+11 

76 

-7 

130 (9 0 kg , 9 ) 

3 82 

Before shock 

81 


70S 


85 




After 60 mm shock 

125 

+54 

780 

+10 

72 

-15 

131 (5 8 kg , 9 ) 

3 1 

Before shock 

66 


455 


64 




After CO mm shock 

76 

+15 

500 

+10 

56 

-13 

132 (4 1 kg , 6') 

3 45 

Before shock 

92 


471 


28 




After 60 mm shock 

62 

-32 

472 

0 

41 

+46 



Therap> (RN) 

73 

+18 

518 

+9 

50 

+22 

135 (7 0 kg , 9 ) 

4 0 

Before shock 

77 


35S 


53 




After 60 min shock 

78 

0 

342 

-4 

63 

+19 



Therapj (RN) 

73 

-6 

4M 

+33 

61 

0 

141 (11 0kg , o') 

3 5 

Before shock 

127 


710 


58 




After 60 mm shock 

133 

+5 

758 

+7 

49 

-16 


luer and muscle It is possible that a longer tune than our e\penmental period 
IS required for sj nthesis to occur in bram Ochoa and Rossiter (15) found that 
on the admmistration of riboflavin to deficient ammals a s^mthesi's occurred m 
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one-half hour in liver but that a longer time was required before a synthesis 
could be observed in heart. 

The destruction of A.A.D. in shock may be one factor leading to the accumula- 
tion of amino acids as found by Lurje (16) and Engel et al. (17). 

It has now been shown that destruction of three coenzymes, namely, co- 
carboxylase, cozymase, and alloxazine adenine dinucleotide, may occur in shock. 

That the onset of shock is accompanied by the breakdown of coenzjrmes is 
shown by the following facts: 

1. Resistance of dogs to shock was found to be significantly greater in those 
animals having high plasma thiamin levels than in those showing low plasma 
thiamin values (3). 

2. Animals which were susceptible to shock showed a diffusion into the plasma 
of large amounts of thiamin, indicating a breakdown of tissue cocarboxylase (3). 

3. Cocarboxylase was found to decrease in muscle, liver and duodenum in 
animals subjected to hemorrhage and to anoxic anoxia (2). 

4. Some degree of correlation was found between the amount of bleeding 
necessary for the onset of shock and the degree of destruction of cocarboxylase (2). 

5. Cozymase and A.A.D. were found to decrease frequently in brain, muscle 
and liver in shock. 

6- Dogs requiring more than average amounts of bleeding to go into shock 
showed less destruction of tissue cozymase than did dogs which went into shock 
ivith small amounts of bleeding. 

From these results it would seem obvious that it is necessary to keep the co- 
enzymes intact. For the synthesis of these coenzymes in animals in shock, 
under our experimental conditions, litamin therapy has been found to be 
essential. 


SUMMABY 

1. Changes in cozymase and allo.xazine adenine dinucleotide are found to 
occur in muscle, liver and brain when the animal is subjected to hemorrhage. 

2. Brain is apparently the first tissue to show the effect of hemorrhage since 
’decreases in cozymase and alloxazine adenine dinuclcotide are most frequent 
in this tissue. 

3. Animals requiring large amounts of bleeding to produce shock showed less 
destruction of cozymase than did animals which went into shock uith small 
amounts of bleeding. 

4. Administration of nicotinic acid and riboflavin may result in a resynthesis 
of the respective coenzymes. 
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Innumerable attempts have been made to find a readily synthesized compound 
with the antispasmodic properties of the naturally occurring alkaloids, atropine 
or papaverine, without the distressing side effects of atropine or the legal and 
economic limitations associated with the use of papaverine. Cheney and By- 
w-ater have synthesized a group of 4-Morpholinealkyl esters and amides (1) of 
which the esters were examined by Rowe (2) for antispasmodic properties and 
toxicity. Of the thirty-two compounds studied fay Row-e, eight having the most 
favorable toxicities and the greatest spasmolytic potencies w-ere subjected to more 
extensive investigation. This paper concerns itself with these eight agents and 
1)/ is an evaluation of their toxicity, isolated smooth muscle effects and spasmolytic 
activity on the ileum of anesthetized dogs. E.xperiments are now in progress to 
determine the depressant properties on intestinal motility of unanesthetized dogs 
OTth various types of fistulae, the results of which will be reported in a later 
communication. A preliminary report of the bronchodilating effects of certain 
of these morpholine compounds has been published (3). 

For convenience this group of compounds has been designated as series ‘S’ 
whose individual chemical names are as follows: 

S-5 0-4-Morpholineethyl diphenylacetate HCl 
S-9 7 -Morpholinepropyl diphenylacetate HCl 
S-14 |6-4-Morpholineethyl diphenylchloroacetate HCl 
S-19 (S-((S-4-Morpholineethoxy)-ethyl diphenylacetate HCl 
S-28 j3,;8-Dimethyl-7-4-morpholinepropyl diphenylacetate HCl 
S-29 &)-4-Morpholinehexyl diphenylacetate HCl 
S-35 /3-4-Morpholineethyl phenylcyclohexaneacetate HCl 
S-37 /3 ,j3-Dimethyl-7-4-morphoIinepropyl phenylcyclohe-xaneacetate HCl 
Hereafter these substances will be referred to by their group designation (i.e. S-5) 
for the sake of brevity. 

Toxicity. The toxicity of the ‘S’ compounds has been studied in white mice 
following intraperitoneal injection and in white rats folloiving intravenous ad- 
ministration. The intraperitoneal injections were given as one per cent solutions 
in physiological saline in doses calculated in milligrams per kilogram. Mice 

* This presentation represents part of the antispasmodic program which is supported by 
a research grant established in this department by Parke Davis and Company. 
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^\elghmg eighteen to tuentj fnc gnms \\cie employed nnd then obscr\ed for 
t\\ent5 four hours for fatal outcome Tlie intrn\enous doses \icio gnen as one 
per cent solutions into the tail \cin of uhitc rats weiglnng two hundied to tiio 
hundred and fiftj grams Injections >\cie given slowly enough to allow the rats 
to accommodate tlie volume of fluid and these animals were likewise observed 
for twent} foui hours The number of animals used in these determinations 
totaled si\ hundred white mice and thiee hundred and Ihiitj five white lats 
The results are compiled in table 1 which presents value" foi the mavimum 
tolerated dose the lethal dose m fiftv pci cent of the animals (I D50) as deter 
mined bj the method of Reed nnd Miiench (4) ind the lethal dose one hundred 
per cent (LDioo) for both intrapeiitoncal and intiavenous administration 
Diethjlaminoethjl diphenjlacetato HCI (liasontm) is mcluded foi the purpose 
of comparison 


TABLE 1 


Foxicxty 0 / the tiorphoUne den allies in rats an I tt ice 


OtUQ 

M «t—CST«*PEt TONCAL 

j HATS—lNTHWCVn S 

Mtxtmum 
tol«r>t«(l doM 

Ln» 

LD» 

Mat mum 
t»l« atd do e 

LDt« 

LD 


«</** 

mg tg 

mg/ig 

"t tig 

mg Ikg 

mg /kg 

S5 

200 0 

67G 9 

800 0 

2> 0 1 

41 2 

50 0 

Sd 

250 0 

315 0 

400 0 

15 0 

19 8 

2o 0 

S 14 

200 0 

234 0 

400 0 

50 0 

53 5 

00 0 

S 10 

100 0 

20 s 0 

500 0 

12 5 

15 7 

25 0 

S-25 1 

2000 0 1 



50 0 

02 8 

100 0 

S20 1 

300 0 

(33 5 

500 0 

12 5 

20 C 

30 0 

S-35 

450 0 1 

593 7 

7o0 0 

25 0 

48 0 

65 0 

S37 

1500 0 1 



50 0 

C3 0 

75 0 

Trisentin 

100 0 

185 0 

300 0 

10 0 

! 17 3 

2o 0 


The derivatives with the lowest tovicitj weio S 2S ind S 37 Lsing one pci 
cent solutions it was ph^sicalli impossible to inject into the peritoneal cavities 
of mice enough of either compound to ciusc death of any animals even when 
doses as high as 1600 and 2000 mg /kg wcie given Ihese same substances 
were also least toxic intrav cnousl> since the I Dao doses wcio 02 8 and C3 0 
mg /kg respectively The extrcmcl} low toxKitv iftei intiapcntoncal injection 
maj he explained bj the fact that both of these compoimds wcie difficultly 
soluble in phjsiologic fluids therefoie piecipit itmn with subsequent slow 
absorption may have occuried in the ptritoneil cavitj 
The next most innocuous of these moipholine congencis at the LDm level 
were S-35 and S 5 Hovvcvei when the maximum tolerated doses (MTD) of 
these two are considered their de^irabilitj is lessened The diffeiences between 
LD50 and MTD for all compounds aveiaged 135 mg /kg intiapcntoneallj and 
8 5 mg /kg mtiavcnousb The I Dso — MTD difference for S 5 intiapeiitone 
alb "n*? three times as gieat as the average and for S 35 intiavcnouslv was four 
times the average Therefoie these agents wrie not as innocuous as would 
appear at first glance 
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S-14 is an exception to the close paiallelism nhicli pievails in a compaiison 
of the intiapeiitoneal and intiavcnous LDso^s. It has a low toxicity intra- 
venously, but the conveise is tiue bj’ the othei route of administiation. 

S-19 and S-9 are the most toxic of these compounds, nhile S-29 is inteimediate. 

Antispasmodic activity on isolated tissue. Inlc&linal- Rabbit gut was 
subjected to trial both by the Magnus method (5, 6) emplojang isolated smooth 
muscle segments and by the Trendelenbeig method (7) using excised loops. 
O.xygenated Sollman-Rademakei ’s solution nithout glucose nas the medium 
used in both techniques, and diugs weie added directly to the bath. Not only 
Mere the direct effects of the diugs observed in the absence of previously induced 
.stimulation, but their abilities to antagonize a typical musculo-stimulant drug 



Tig. I. Action of S-29 on Thendei fnbeiig Loop of IInebit Ileum Premously 
Siimolatfo By BAmoyi Cni-oniDH 

Effects shown ' ■' tc perfusion output, circular muscular activity 

and longitudinal 10 seconds Note that barium chloride 1 ’5,000 

increased tonus, liminished perfusion output 1.1,000,000 S 20 

failed to relax this spasm whereas in 1 5ii0,000 concentration it was effective in lowering 
longitudinal tonus and in restormg perfusion output, but did not affect circular muscle 
nor restore the rhythm of longitudinal muscle. 

buch as barium chloride in a stiength of 1:6000 and a typical neurotropic drug 
like pilocarpine at 1:100,000 concentration weie also quantitated. 

Theie uas no clear-cut evidence of diffeiential action between musculotropic 
and neurotiopic dopiession of intestinal smooth muscle by any of the ‘S’ com- 
pounds, since theii effective doses in each of the tests applied vai led only slightly. 
The few’ instances in which suggestive vaiiations did occui were specifically: 
S-14, which icsponded by antagonizing pilocaipme with a weaker concentration 
in both techniques, S-19 on the Tiendelenbeig loop, on which it was especially 
active in relaxing barium spasm, and S-28, which was quite iiieguiar in its re- 
sponses. Because of the geneial iinifoimity of lesponse, we have presented the 
results as effective dosage i anges foi each dei ivative 

None of the membcis of tins ‘-eiies appioached veiy closely the consistent 
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spa'smoljtic propeities of S 29 >\hieh was cfTectne in do'?c'' langing fioni 
1 250,000 to I 300,000 1)\ the Mngnu*! technique ind fiom 1 125 000 to 
1 500,000 bj the Piendelenbeig method S 19 was two thud'? asactue and S 14 
S 28 and S 35 were each about one third as actnc as S 29 Because of the 
tendencN of S 28 to piecipitate m Sollman Rademakei s ‘iolution quantitation 
of its actuitj bj these techniques was judged to be not entiieh indicative of 
its power as a smooth muscle lelaxant 

Uterine In a similai mannei the nntispasmodic abilities of these new sub 
stances were tested on I'^olated strips of rabbit uterine smooth muscle, both 
directly and m antagonism of the stimulation icsultmg from pievious adminis 
tration of barium chloride 1 5000 and histamine I 100 000 concentrations The 
concentrations neccssarv to dcpiess uteiinc muscle weie gicater on tlic average 
than tlio c producing similai I'C-'iilts on the intestinal muscle Heic again 8 29 
in effective dilutions of I 150 000 for each situation studied, whethci unopposed 

TABI r 2 


Fffectne apasi olylic Oiaea of ih( tiorpholit e coup «h Is on eietseJ lissi es 


B«16 

»*dbit isn-snsf 

ZVCl<rD S^BU T VTCI « 

> CMS METHOD 

M»gngs Si 

Trcndtlcnlx g Loop Mtlhod 


I 12 500 1 25 000 

I 60 000-1 100 000 

1 5 000 1 10 000 

SO 

1 12 500 1 ‘’S 000 

1 50 000-1 7o 000 

1 i 500 1 Jo 000 

S 14 

1 10 000 1 -iO 000 

1 1 100 000-1 H)0 000 

1 2 500 

S 19 

1 2o0 000 1 300 000 

! 1 25 OOO-l 2*0 01)0 

1 50 000-1 100 000 

S2g 

1 50 000 1 150 000 

1 41 000 1 J2o 000 

1 12 500 1 SO 000 

S 29 

1 250 000 1 300 000 

1 I 2o0 000 1 500 000 

1 150 000 


1 100 000 1 130 000 

1 1 50 OOO-l 75 000 

1 SO 000-1 CO 000 

S47 

1 60 000-1 75 000 

1 7 500 1 10 000 

1 7 500-1 15 000 

Tnisentin 

I 100 000-1 300 000 

1 C2 500-1 500 000 

1 25 000-1 50 000 


or antagnoized, was bj fu the most consistentiv dcpiessant congenci b IDand 
S 35 averaged ^c^pectlvel} one half and one fourth of the actuitj of S 29 and 
showed no essential difTeieiices in response to antagonistic agents S 28 gave 
promise of activitj directly, but failed to lieai out th s promise m competition 
with stimulant diugs 

Antispvsmodic ACTION ON n EUM OF wTSTHETizED DOGS Jackson’s intci nal 
organ apparatus (8) was attached to the ileum of dogs anesthetized with sodium 
pentobarbital Uiothane ane^thesja was tiied and discarded since it n is not as 
umfoim and contiollablc as that produced b^ sodium pentobaibital, neither did 
the liarbituratc scorn to inteifere with motihtv m an> noticeable degree Two 
dings S Sands 9 wcietlimmated m the prcliminaij studies as the least elTectivc 
spasmolytic agents and were not used in this phase of the pioject flic othoi 
S compounds weie injected intiavenouslj as one pci cent solutions m phAsiologic 
saline in doses of I 0 and 5 0 mg /kg Three to hveesiiciiments were peifoimcd 
in testing eich of the compounds employed at each of the al)o\c doses, both on 
dogs wliQse ilui wcie noimil oi unstimulatcd and on animals whose mUstmal 
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motility had been activated by subcutaneous injection of two international units 
of posterior pituitary solution per kilogram. The total number of injections of 
each of the drugs ranged from thirteen to fifteen. 

\ 

TABLE 3 - 


Effects of morpholine compounds on intestinal tnotilily and arterial pressure in 
anesthetized dogs 


DRUG 

TOTAL 

NUMBER 

INJEC- 

TfOVS 

SPASMOLVTIC EFFECTS ON ILEUM 

TALL 

ARTERIAL 

PRESSURE, 

5.0 mg./kg. 

DOSE 

1 0 mg Ae. 

S 0 mg.AE- 

Otdex 

of 

effec- 

tive- 

ness 

Unstimulatcd 

Stimulated 

Unstimulatcd 

Stimulated 

1 


1 





per cent 

S-l-t 1 

IS 

' iModerate | 

Afoderafe j 

Marked 

Afoderate 

3 

' 5 

s-ig 1 

15 

1 Moderate 

Slight 

Aloderate 

Moderate 

4 

20 

S-28 

IS 

None 

None 

Slight 

Slight 

G 

5 

s-29 

15 

j Moderate 

Marked 

Marked 

Marked 

1 

15 

S-35 

H 

Slight 

None 

Moderate 

Moderate ! 

5 

17 

Trasentin 

14 

Marked 

Moderate 

Marked j 

Marked j 

1 

19 



Fig. II. Dog Pkstobarbitai. Anesthesia 

The effects of S-29 in doses of 0.5 at A and LO nig./kg, at B on ilial motility .and arterial 
pressure. Note the graded response of (he intestine to increased dosage and the ver^ 
slight alteration of arterial blood pressure accompanying the injcsbion of b-2J. 

The effect of intravenous injection of the morpholine compounds on arterial 
pressure was observed simultaneously with their depressant propeities in those 
dogs not prepared with posterior pituitary .solution. 

The relative order of activity of the various derivatives was essentially the same 
following doses of 5.0 mg./kg. and I.O mg./kg. differing mainly in the degree of 
response. The essential features of the experimental results are shown in table d. 



4 MOHPBOlilNEAl/K'iL ESTEBS 


179 


S 29 ^^as most outstanding, showing at 5 0 mg /kg in the unstimulated gut a 
redviction of penst'ilsis to almost complete mactiMtj for an a\eiage duration of 
21 5 minutes Fig II presents a typical tracing showing the action of S 29 
The next mest potent member was S 14 which showed depressantaction which 
wasmarkedbutnotequilinintensitj orduration toS 29 The other derivatives 
were much weaker Because of its extremely low toxicit} S 28 was gixen in 
liigher doses, sometimes as a 2 0% solution, but ex en with 20 0 mg /kg its ictiv ity 
was scarcely as great as the least effectixc of the other agents with 5 0 mg /kg 
I\hen tested m dogs xxhose intestines hid been actuated by pituitrin.S 29 
was even more outstanding in companson with the other agents At 5 0 
mg /kg it reduced rhj thm and tonus completely for a duration of nine minutes 



Fig III Ratios or Toxicitt and SrAswoLTne Activitt of thb Mokphoune Compounds 

Under these ciicumstances al«o, S 14 was the next most potent representative 
of the group The other compounds weie not «:ufficicntl\ effective to be worthy 
of discussion 

The chief circulatorv effect of intravenous injection of anj of the morpholine 
compounds was a tnn‘!ient drop m arlenil pressure proportionate to the do'^e 
given At 1 0 mg /kg the fall was i negligible 2 to 4% while at 5 0 mg /kg 
the range was fiom 5 to 20% averaging 12% 

Discussion An appriual of all antispasmodics ‘Studied in this investigation 
gives a cleai impic=sion of the outstanding merit of S 29 from the point of vnew 
of moderate tOMCitx combined with supenor actuitx Fig III presents a 
graphic leview of the data on toxicitj and sposmohtic properties of all members 
of the senes, emploving S 29 as unity The ratios in the gnph are ba'sed upon 
the LDjo the average effectixc do‘5c&, or the responstes to standardized do«es of 
S 29 This manner of presentation serves to rc-emphasize the statements re 
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garding the superiority of this agent as an antispasmodic. Particular notation 
should be made of its outstanding performance as a uterine depressant. 

The graph demonstrates that S-19 was also prominent for its uterine action 
and had moderate potency on the isolated and intact intestine. However its 
toxicity was relatively high. The varying responses of S-14 are likewise illus- 
trated. It was the most toxic intraperitoneally, but of low toxicity intra- 
venously. It was quite effective on isolated intestinal tissue, was second to S-29 
throughout the anesthetized dog gut experiments, but was almost inactive on 
excised uterus. S-35 combined low toxicity mtb moderate spasmolytic power. 

Rowe (2), in his preliminary studies on this group of 4-morpholine alkyl esters, 
reported that S-28 was twenty-five per cent more active than S-29 on Magnus 
strips and exhibited very low toxicity. We were able to confirm the low toxicity, 
but we were unable to demonstrate such high potency as an antispasmodic. The 
sample which we used was very difficultly soluble and tended to precipitate in 
physiologic solutions. Despite this precipitation we have seen suggestive 
evidence that it has considerable activity, particularly against non-stiraulated 
intestinal and uterine strips. In the light of Rowe’s findings and our o^vm we 
believe that this congener merits further consideration. It is now being investi- 
gated further in this laboratory by enteral administration to unanesthetized 
animals, the results of which experimentation will be reported in a later 
communication. 

Diethylaminoethyl diphenylacetate HCl (Trasentin) a synthetic compound 
of a chemical nature similar to the morpholine compounds, and a product which 
is commercially available at the present time as an antispasmodic, was included 
in these studies for the purpose of comparison. In our studies its toxicity was 
greater than that of S-29; namely, 2.35 times as toxic intraperitoneally in mice 
and 1.19 times as toxic intravenously in rats (Fig. III). On the intestine it was 
less potent when applied to the unstiraulated excised gut but about equipotent 
in antagonism of stimulating drugs. Its average activity upon this tissue was 
0.74 times that of S-29. In direct action and in antispasmodic (antagonistic) 
action upon isolated uterine strips S-29 was five times as strong as Trasentin. 
When administered intravenously to anesthetized dogs Trasentin showed a 
slightly more intense and more prolonged action on the unstimulated gut, but 
following pituitrin stimulation, the situation was reversed (table 3). S-29, the 
most effective of the morpholine compounds included in the present study, is 
much less toxic and is of equal or greater potency than Trasentin, especially on 
uterine smooth muscle. It would seem, therefore, that S-29 would merit clinical 
trial as an antispasmodic. 

The data from these experiments, particularly those on isolated intestinal 
tissue, would tend to suggest a muscular rather than an anticholinergic (neural) 
seat of antispasmodic action since the effective dosages are so nearly aUke, for 
direct depression, for musculostimulant and for neuro-stimulant antagonism. 
There is no convincing differentiation. 
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SUMMARY 

1 Eight morpholine alkjl esters ha\e been examined for toxicity, for anti 
spasmodic activity on excised intestine and uterus and on the ileura of 
anesthetized dogs 

2 The e\idence presented suggests that these compounds act as spasmolji.ic 
agents by direct depression of smooth muscle 

3 S 29, w 4 Morpholineliexj 1 diphenj lacetate HCI, is the outstanding member 
of the senes from the point of \ie\v of moderate toxicity combined wth superior 
spasmolytic activit 3 on the intestine and especiallj on the uterus On the basis 
of this in\ estigation it A\ould seem to ment clinical trial 
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Darling and Roughton (1) have recently shown that the formation of methemo- 
globin, like that of carbon monoxide hemoglobin, causes a shift to the left in the 
oxygen dissociation curve of the blood. In consequence, methemoglobin, like 
carbon monoxide hemoglobin, should have an adverse effect upon the respiratory 
functions of the blood beyond that of the direct inactivation of a portion of the 
hemoglobin but this effect should be less than for carbon monoxide since the shift 
to the left is less. Darling and Roughton made no study on the living animal 
to determine the comparati^’e impaimients caused by methemoglobin and carbon 
monoxide hemoglobin. They accept the statements in the literature (2), based 
on no critical evaluation, that the symptoms of anoxemia from methemoglobin 
formation are very similar to those produced by an equal formation of carbon 
monoxide hemoglobin. From this assumption, which is not supported by more 
recent work of Vandenbelt, Pfeiffer, Kaiser and Sibert (3), they are led to draw 
rather general conclusions as to the clinical significance of methemoglobinemia 
produced by drugs. They say: “Although 20 to 30 per cent methemoglobin 
should be tolerated well by normal individuals, just as is 20 to 30 per cent CO 
hemoglobin, more than that would be likely to lead to serious tissue anoxemia, 
quite independently of any direct toxic action of the methemoglobin-produoing 
agent on the tissues.” The 3 ' point out further that the danger point might well 
be reached at lower concentrations of methemoglobin in “ill subjects.” “Ill 
subject,” as used, is too general a term; for ano.xemia from the therapeutic use 
of methemoglobin-producing drugs, illness would have to be limited to ailments 
in which there is alreadj" a burden upon the transportation of oxygen. The 
emphasis, and in quantitative terms, that they put upon the clinical dangers of 
methemoglobinemia would, in the wide use of methemoglobin-foiming drugs, 
particularly of the sulfonamide group, seem to i-equire more proof than is given 
of the comparable effects of carbon monoxide hemoglobin and methemoglobin. 

Our attention was directed to this matter by two observations: First, in 
laboratory experiments we have frequently observed animals with methemo- 
globinemia to the extent of 80 or even 85 per cent which were not unconscious, 
whereas 60 to 70 per cent carbon monoxide hemoglobinemia is generally believed 
to cause unconsciousness and 70 to 80 per cent death (4, 5). 'l^andenbelt, et al. 
(3) report recovery in dogs with 82 to 87 per cent methemoglobin; and death at 
94 to 95 per cent methemoglobin after administration of p-aminopropiophenone. 
And second, the formation of methemoglobin from such aniline deriv.atives as 
we have studied (but not that from nitrites), unlike carbon monoxide hemoglo- 
binemia for any total amount of carbon monoxide absorbed, is influenced by the 
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total hemoglobin present nnd exhibits *v ceiimg ^alue which \aries with the 
different drugs, and which is reached it n le%ol below tint of fatal asphyxiation 
(G, 7) 

Darling and Houghton point out that m the past it has been thought that the 
severitj of the effects seen during methemoglobinemia, as compared to a similar 
loss of hemoglobin from anemia, was due to the direct effects of the metliemoglo 
bin forming agent Their demonstration of a shift m the dissociation cur\e has 
apparently been taken b\ them as a full explanation foi the differences in se\ erity 
While undoubtedly this shift plays some part, we beheie that in many instances 
of experimentally induced methemoglobinemia an e^ en greater part is play ed by 
the toxic action of the agent used or by the exacerbation of the anoxemia of the 
brain by a fall in blood pressure as fiom nitnte ^^e behexe further, that in 
any ordinary therapeutic use of the common drugs that produce methemoglobin, 
the asphyxia is of minor impoitance We ha\e shown tliat with nitrite as 
ordmanly admmistered in experimental studies m a single large dose, a consider 
able amount of nitnte remains m the blood ex en at the pomt of maximum forma- 
tion of methemoglobin (8) With such methemoglobin forming substances as 
p aminophenol, the conxer&ion may cease at a percentage which does not cause 
severe asphy’xia, but if the dose is sufficiently large the animals xxall die without 
further formation of methemoglobin (7) 

The present study was made in an attempt to exaluate the comparative 
anoxemic effects on the living animal tesultmg from the formation of carbon 
monoxide hemoglobin and methemoglobin Cats were used mainly as the 
experimental animals 

The oxygen dissociation CDRVE in the presence of ilETlIEilOOLOBlN 

For assurance that the o\*ygen dissociation curve of cats* blood m the presence 
of methemoglobm showed the shift described for blood of other species of animals, 
the curves were determined for normal blood and for blood in which 75 to 85 
per cent (taken here as SO per cent) of the hemoglobin had been converted to 
methemoglobin The general procedure used was that described b\ Peters and 
Van Slvke (9) employing a double tonometer svstem for equilibration all 
determinations were made at SS'* C and 35 to 38 mm carbon dioxide The 
methemoglobin was formed by administering sodium nitnte to a cat and blood 
was obtained by heart puncture when the desned peicentage of methemoglobm 
w as reached The curves obtained are giv en m Figure 1 That for noimal blood 
corresponds closely w itli the curx e giv en by Starling (10) The curv es indicated 
for hemoglobin in the presence of caibon monoxide hemoglobm were not de 
termined directly but were calculated on the punciple defined by Haldane (11, 12) 
as modified and simplified bx Darlmg and Roughton It will be ob-serxed that 
the shift m the dissociation curx e caused bx the presence of SO per cent methemo 
globm corresponds clo'^elx to that caused bx 40 to 50 pei cent carbon mono ide 
hemoglobm One value determined for 49 per cent methemoglobm was close 
to that for 25 per cent carbon monoxide hemoglobm The «hift m the drs'jocia 
tion curve of the cat caused by methemoglobm is approximately half as great as 
that cau'sed by carbon monoxide hemoglobm For human hemoglobm, Darlmg 
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and Roughton found that 23 and 32 per cent carbon monoxide hemoglobin caused 
shifts corresponding closely to those from 43 per cent and 58 per cent 
methemoglobin. 

The percentage of carbon monoxide hemoglobin at unconsciousness 
AND DEATH IN THE CAT. Forty-two cats Were exposed individually in a gassing 
chamber, of 1 cubic meter capacity, to concentrations of carbon monoxide rang- 
ing from 0.11 to 1.0 per cent and in 2 instances to 90 per cent. For prolonged 
exposures, extending to 47 hours, provision was made for the removal of carbon 
dioxdde with soda lime and the addition of oxygen to maintain a normal atmos- 



Fig. 1 . OxTGBN Dissociation Curves of the Cat 

Curve A . . . normal curve for cat. Rectangles (□) experimental points. 

Curve B . . . curve in presence of 80 per cent methemoglobin. 

Circles (O) = experimental points. 

Black dot (• ) = experimental point in presence of 49 per cent methemoglobin. 

. Curves 1,2,3 and 4 in presence of 20, 40, 50 and 80 per cent CO hemoglobin. 

phere. A hand hole closed with an inserted rubber glove was provided for 
handling the animals during gassing. Twelve of the cats were removed at the 
moment when unconsciousness to the extent of abolition of corneal reflex had 
developed and 25 were allowed to die before removal. Blood was immediately 
drawn and the carbon monoxide content and capacity were determined either by 
the method of Van Slyke and Neill (13) and Van Slyke and Hiller (14) or that of 
Hori'ath and Roughton (15). The total hemoglobin for the various animals 
ranged from 9.9 to 24.1 volumes per cent. Figure 2 gives the findings for all of 
the animals which were rendered unconscious or died. In addition, 5 animals 
were kept at saturations of 50 to 59 per cent for 18 to 47 hours without becoming 
unconscious. 
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The values for animals w hich died dunng the first hour or hour and a half are 
not truly indicative of the saturation causing death The rato of absorption of 
carbon mono\ide from au- contammg 0 5 or more per cent of the gas is so rapid 
that appreciable amounts over and above that giving a saturation causing death 
are absorbed after respiratory failure has started This is showTi clearly in the 
animals breathing 90 per cent carbon monoxide m which death occurred at 100 
per cent saturation m 3 to C minutes Likewise, the *!mgle value obtained at 
unconsciousne'is for an animal breathing 0 5 per cent carbon monoxide cannot be 
taken as a valid indication of the saturation cau'^ing unconsciousness This 
animal was exposed for only 20 minutes and a delay of 2 or 3 minutes in judging 



0 1 23456 7 6 9 

Hows 


Fio 2 A Carbon NfoNOXioB Saturations at Death in Cats B Carbon Monoxide 
Saturations at Unconsciousness in Cats 
Dots represent time and percentage saturation and numbers beside dots indicate per 
centage CO in air 

the time at which unconsciousness developed would lead to the accumulation of 
considerable carbon monoxide 

Excluding the results obtained at these higher concentrations of carbon 
monoxide it would appear that the time of asphyxiation, up to 7^ to 8$ hours as 
employed here, had little influence on the saturation causmg unconsciousness 
and death The average saturation for death was 71 per cent with extremes of 
68 and 88, and for unconsciousness G6 percent with extremes of 59 and 73 In 
addition, as stated 5 animals did not develop unconscioumess after exposures 
of 18 and 47 hours with final saturations of 50 to 59 per cent 
The saturation at death found here corresponds to that given in the literature 
for most experimental ammah This is also the general range reported for human 
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beings in fatal accidental or suicidal asphyxiation. Gettler and Freimuth (16), 
iiowever, from blood obtained at autopsy of victims dj-ing in the site of the 
gassing, found that in 48.5 per cent of the instances the saturation was over 70 
per cent; in 28 per cent, it was between 60 and 70; in 14.5 per cent, it was between 
50 and 60; and in 9 per cent,-it was below 50, being in one instance as low as 30 
per. cent. There are several possible e.xiJlanations for the low values found in a 
quarter of these cases other than that which Gettler and Freimuth give, i.e., 
that 30 per cent saturation may be fatal to human beings. Some of the victims 
may have had severe cardiac disease and therefore had died of heart failure from 
moderate asphy.viation. No statement is made on this feature although autop- 
sies were apparently performed. The second, and more probable, explanation 



Fig. 3. A. Cat Give.v I.vjectio.vs of Sodifii Xitbite. B. Dog Gives Injections or 

S 0 DIU.M XlTRITE 

Arrows indicate time of injection and numbers at arrows, dose in mg. per bg. 


is that death may have been due to a high percentage saturation, but, in the 
instances recorded, the damage caused was survived for some time; that in this 
time the concentration of carbon monoxide in the air had fallen either because 
of diminished supply of gas or increased room ventilation with change of wind or 
outside temperature; and that in this interval the satuiation of the blood had 
decreased but without saving life. It is not uncommon to have victims of severe 
gassing brought to the hospital while unconscious and subsequently die, but u-ith 
sufficient lapse of time to allow a great part or even all of the carbon monoxide 
to leave the blood. The e.xplanation given here seems particularlj' probable 
in cases 10 and 11 as reported by Gettler and Freimuth; in these, a man and 
woman were found together in a room, both dead. The blood of the woman 
who if .she were .smaller than the man would probably succumb earlier, had a 
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saturation of 81 1 per cent and that of the man 33 6 per cent The study of 
Gettler and Freimuth shoi\s the saturations of the blood i\hich Mere present at 
death, but it does not necessanly show the saturation responsible for death 
There is no record of the concentration of carbon monoxide in the air at the time 
the fatalities Mere discovered 

Asphyxia from ■methemoqlobivemia In a senes of animals, both dogs and 
cats, sodium nitrite Mas injected mtrapontoneally but m repeated small amounts 
to avoid accumulation of any large residuum of nitrite Mhich might loMer 
artenal pressure and correspondinglj increase the artenal \ enous oxygen differ- 
ence in the circulation to the brain and so exacerbate asphj’xia m this organ 
The percentage conversion of methemoglobm Mas determined at frequent 
intervals Figures 3a and 3b ‘?hoM the results from tu o experiments typical of 
many similar ones In the first of these, a cat of 3 4 kg m as given initially 35 
mg /kg of sodium nitrite foUoM ed bj doses of 5 mg /kg at times indicated m 
figure 3a At the end of 1 hour, the methemoglobm liad risen to 66 per cent, 
the anunal shoMed no ill effects and Mas able to rise and move m a manner 
apparently normal At the end of 2 hours the methemoglobm had reached 82 
per cent and the animal, although someuhat depressed, Mas conscious, on bemg 
forced to mo\c it staggered slightly but did not become unconscious At the 
end of 4 hours, the methemoglobm Mas 87 5 per cent and the animal uas still 
conscious The methemoglobm Mas maintained abo\ e 80 per cent for 3 J hours 
longer but neither unconsciousness nor any other stnkmg symptom developed 

In the experiment from Mhich the data for figure 3b Mere obtained, a dog of 4 0 
kg Mas given nitrite m an initial dose of 25 mg /kg folIoMed b> doses of 2 5, 3 0 
and 6 0 mg /kg at times indicated in figure 3b Wlien the methemoglobm rose 
to 70 to 80 per cent, the animal m as somcMhat depressed but able to ualk MTthout 
staggermg BetMeen 80 and 85 per cent, there Mas some ataxia but no uncon 
sciousness BetMeen 85 and 89 per cent, the animal Mas prostrate but still 
conscious, on attempting to rise, there Mere periods of unconsciousness lasting 
for 30 seconds to 1 minute 

Judged from observation of the behavior of the amraals, the asphyxia caused 
by 85 to 89 per cent methemoglobm corresponds to that induced by about 60 
per cent carbon monoxide 


CONCLUSIONS 

(1) The shift m the dissociation curve of the blood caused bj methemoglobm 
has been confirmed for cats The shift is approximately one half that caused by 
carbon monoxide hemoglobin 

(2) Cats asphyxiated vath carbon monoxide became unconscious and died 
at average values of 66 and 71 per cent conversion of hemoglobin to carbon 
monoxide hemoglobm 

(3) Cats and dogs can tolerate more tlian 80 per cent conv ersion of hemoglobm 
to methemoglobm without becoming unconscious 

(4) The asphyxial effects of methemoglobm are significantly less than those of 
carbon monoxide hemoglobin 
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Cotton rats are frequently infected with a species of filana! worm kno^\'n as 
Litomoscndes cannti (l) The adult worms Ine in the pleural space and micro 
filariae occur constantly in the penpheral blood of the rats Because the infec 
tion bears, m some respects, a close similanty to certain of the human filariases, 
it seemed reasonable to the authors that the cotton rat infection might serve w ell 
as a testing medium in a search for drugs with potential action in the human 
filanal diseases A number of drugs have already been tested in cotton rats in 
this laboratory Two of these, neostaro (stibamine glucoside, Burroughs Well 
come and Co ) and neostibosan (metachlor paracetylaminophenyl stibiate of 
sodium) have been found particularly effective (2) The piesent paper desenbes 
the results of the administration of neostam and of neostibosan to a number of 
infected cotton rats As will be seen following the administration of these 
drugs, the adult worms were killed in the pleural space and the microfilariae 
disappeared from the penpheral blood of infected animals As will also be 
indicated, neostam and neostibosan manifested powerful action upon the adult 
worms when tested %n mlro 

Mateiuals and general procedures The Ammols Used The infected cotton rats 
were obtained from Zoological Research Supply Englewood Florida Their infections 
were natural having been contracted in the field Most of the cotton rats used weighed 
between 100 and 150 grams 

The Drugs Used The neostam was generously supplied by the Wellcome Research 
Laboratories Tuckahoe New^ork TheauthorewishtothankDr E E Nelson Director 
of Research and Dr E J DeBeer Ass slant Director of Research for their interest in 
this w ork 

The neostibosan w as provided by the Winthrop Chemical Company of New York City 
The authors are grateful to Dr J B Rice Director and Dr C B McDermott Associate 
Director of the Research Division of this company for their cooperation 

Methodof Treatment Those infected animals which were injected with neostam received 
40 mg of the drug (a few were given up to 60 mg ) approximately four times weekly unless 
otherwise indicated Because of the difficulty in restraining the rather vicious wild am 
mals It was found necessary to administer the drug intromuscularlj in the thigh although 
it was realized that greater effectiveness and less local irritation would probably have 
followed the intravenous route of treatment 

The infected animals w'hich were treated with neostibosan received a senes of 40 mg 
doses and ^fter a brief rest period a senes of 80 mg doses as indicated in the footnote of 
table 4 

Esitmaiion of Number of Mtcrofilariae The number of microfilaria was estimated by 
counting those seen m 100 microscope fields (X430) of fresh tail blood under a cover slip 
Counts were made practically every day after treatment was started 
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Technic of Tests Performed in vitro. Adult filarial worms were removed aspectically 
from the pleural space of an untreated cotton rat and from six to ten individuals, including 
both males and females, were transferred to 50 cc. Erlenmeyer flasks which contained 10 cc.' 
of modified Simms’ balanced salt solution with 10 per cent horse serum, plus 0.1 per cent glu- 
cose w'ith or without drug. The flasks were incubated at ZTC. At twenty-four-hour 
intervals the -Hmrms were e.xamined carefully for survival, as shown by their continued 
movement. 


TABLE 1 

Effect of neostam on the filarial worm Litomosoides carinii in cotton rats 


COTTON BAT 


MICBOBILABIAE COUNTED IN 100 UICBOSCOPE TIELDS (X430) 
ON DESrC.NATED DATS 


NUMBEE OF ADia.TS KECOVEBED 


NUMBER 

Day 

be/ora 

Days after treatment 

AT AUTOPSY* 


treat- 

ment 

1 

7 

14 

2t 

28 

35 

42 

49 

56 

64 


1 

288 

236 

220 

184 

126 

82 

90 

50 

50 

13 

3t 

40 to 50; dead; many matted 













together 

2 

136 

94 

100 

52 

20 

28 

16 

7 

5 

2 

Ot 

SO to 60; dead; some matted 













together 

3 

44 

0 

4 

3 

5 

5 

1 

3 

1 

Ot 


several; dead; enveloped by 













exudate 

4 

50 

28 

32 

22 

24 

28 

4 

1 

3 

1 

Ot 

10; dead; matted together 

5 

4 

4 

0 

0 

0 

0 

Ot 





1; dead 

6 

276 

116 

96 

70 

144 

120 

50 

44 

20 

8 

It 

50; dead; matted together 

7 

12 

10 

0 

0 

0 

0 

Ot 





10; dead; enveloped by exu- 













date 

8 

92 

62 

92 

70 

38 

7 

6 

6 

0 

3 

Ot 

50; dead; some matted to- 













gether ' 

9 

32 

32 

38 

3 

14 

2 

2 

Ot 




none 

10 

24 

12 

6 

2 

1 

1 

Ot 





none’ 

11 

180 

152 

230 

84 

16 

64 

8 

3 

2 

1 

Ot 

50; dead; matted together 

12 

6 

8 

18 

2 

ot 







several; dead; enveloped by 













exudate 

13 

108 

96 

116 

62 

26 

5 

Ot 





40; dead; some matted to- 













gether 

14 

124 

44 

56 

0 

0 

Of 






20; dead; enveloped by exu- 













date 

15 

92 

72 

16 

4 

0 

0 

Ot 





25; dead; enveloped by exu- 













date 

Control 16 

16 

18 

36 

12 

24 

20 

10 

38 

48 

42 

52 

8; living, moving 

Control 17 

252 

232|232| 

176 

no 

192 

90 

176 

136 

186 

198 

50; living, moving 


• Where worms are massed together, numbers are approximated. 

t = Day of autopsy. 

Schedule of treatment: Rats Nos. 1 through 12:40 mgm. 1 . 

Rats Nos. 13 through 15:60 mgm./ 

Rats 16 and 17: untreated 

Experimental results with neostam. Effect of Drug in Filaria-infecicd 
Eats. In the first experiment, fifteen infected cotton rats were treated wth 
neostam for periods ranging from two to nine weeks. Several additional cotton 
rats were also examined on the same days as the treated animals but were left 
untreated as controls of the infection. In table 1 are given the schedule of 
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injections of the drug, the microfilana counts on designated days, and the 
autop'sy findings. It should be mentioned that the diug was withheld as soon 
as microfilariae disappeaicd from the blood. 

In the case of c\ery treated rat, the microfilaria count was sharply reduced. 
In thirteen of the fifteen treated animals, no microfilariae whatsoever could be 
obser\ed after treatment and in the two remaining animals, the counts were 
extremely low At autopsy, dead adult worms only were recovered from 
thirteen of the treated animals and none at all was found in the remaining two 
treated rats The control, untreatcrl rats, showed about the same number of 
microfilariae after nine weeks of observation a.s were presented initially and, at 



Fic 1. Adult Litomosoides c^rivii from tiie Pleural Space of Infected Cotton 
Rats Treated with Ncostam 
(X25, photographed with top Jiglitmg) 


aiitops}', liting, moMng, adult woims were rccotcicd from the pleural space of 
each 

Effccl of Drug on AduU Wornm Rccoicrcd at Autopsy of Rats Tlie adult worms 
which wore recovered at autop‘*v of the tieated animals were not only dead but 
also were usuallj' held lugether m ‘‘mallei or Jargci masses by a purulent necrotic 
exudate This exudate was laid down initially along the length of individual 
worms, but, later, manv worms with such exudate became matted together. 
Exudate continued to collect around these ma.sses of worms, until the mass 
presented the appearance of being cnv'eloped by it In figuic 1, photographs 
of several of these masses of worms from treated animals aie shown, and, in figure 
2, photomicrographs of sections of a typical mass from a treated rat as well as 
sections of normal worms from on untieatcd rat aic presented.* 

* The authors are pleased to acknowledge the kindness of Professor A M. Pappenheimer 
ol the Department of Pathology of this institution in prcpimig the sections and in inter- 
preting them. 
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Effect of a Single Dose, or of a Small Number of Doses, of Drug . — Comparatively 
prolonged treatment was used in most of the animals presented in table 1. In 
order to determine whether such e-xtended application of drug was necessary, a 
single dose (40 mgm.) of neostam was given to each of four infected animals and 
a total of three doses (each of 40 mgm.) was given during one week to six other 
infected rats. Following this treatment, all the animals were rested until 
autopsy, the tail blood being examined meanwhile for the presence of 
microfilariae. 



Fig. 2. A and B; Sections of Adui-t Litomosoides c^binii Removed from Pleural 
Space of Untreated Cotton Rats 

C and D: Sections of adult Lttomosoides carimi removed from pleural space of cotton rats 
treated with neostam. (A and C: X55; B and D; XSOO.I 

The four rats which received a single injection of drug were autopsied from 44 
to 76 days after being treated. Every adult worm recovered at the autopsies 
was dead, and some of them ivere so degenerated as almost to be unrecognizable 
as filarial worms. All of them were covered with exudate or fat and gave evi- 
dence of having been dead for a considerable period. The microfilaria counts 
in all the rats had gradually declined until, by the day of autop.sy, they had 
reached zero or a point where only an occa.sional microfilaria could be seen by 
prolonged search. 

The six remaining rats, which had received three doses of diug within one 
week, were autopsied on the eleventh day after treatment had begun. At this 
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time, little or no change had occurred in the microfilaria counts The adult 
^^o^m'5, howe\cr, %%ero all dead, ma®ed together, and cn\eloped in exudate in 
four of the si\ rat® In the lemaming two treated animals, some adult filanas 
nere *5(111 ali\e and moMng, althoiigh most of the adults m these amn\als, too, 
A\ere dead E\identlj, as shown bj the data m table 2, microfilariae will persist 
in the circulation of infected animals long after the adult parasites ha\e been 
killed by neostam It is indicated, thus, that the adult paiasitcs are more eosib’ 
affected bj the drug than are the microfilariae 


TABLE 2 

Effect on cotton rat filanaeis of a short course of treatment with neostam 


COTTON 

UT Dose or Dice 
I?Tia£X 


Day D»yi After Imtul dose of Drug 
before 

-lili. 


-%DUtI »0»irs KCOVTIED AT AUTOrSV* 


1 Single dose of IR 10 7 •( 
40 mgm 


5, dead, some adherent exu- 
date 

2 or 3, dead, and degenerated, 
embedded in fat 

3t 15, dead and generated, in exu- 
date 

3, dead, enveloped in fat 
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TABLE 3 


Effect of neostam on adult Litomosoides carinii in' vitro 


NEOSTAM 

OBSEBVATIONS ArTEB 

24 hrs. 

48 hrs. 

72 hrs. 

96 hrs. 

mj. % 





SO 

dead 




25 

sluggish 

d" active 

dead 




9 dead 



10 

active 

o' active 

cf active 

dead 



9 sluggish 

9 dead 


.5 

active 

active 

active 

dead 

1 

active 

active 

active 

cf very sluggish 





9 dead 

Control 

active 

active 

active 

active 


Parasites transferred to 50 cc, Erlenraeyer flasks each containing 10 cc. of balanced salt 
solution plus 0.1 per cent glucose, with or without drug. Incubation at 37°C. 


TABLE 4 


Effect of neostibosan on filariasis of the cotton rat 


KUKBES. OP wnCSOPtLABlA SEEK IK 100 PIELOS 
or MICBOSCOPE (X 430) 


ItAT 

NVUBEB 

Day 

treat' 

Days after treatment 

BECOVEBY OP ADULT PILABIAS AT AUTOPSVf 


ment 

began 

2 

7 

14 

21 

41 

43 

55 

62 

72 

81 


1 

36 

40 

26 

10 

22 

18 

6 

4 

2 

3 

0* 

4; all dead; enveloped by fat 

2 

186 

64 

SO 

44 

42 

28 

6 

9 

1 

2 

0* 

25; all dead; matted together in exudate 

3 

76 

78 

60 

34 

64 

30 

14 

2 

4 

3 

0* 

30 ; all dead ; matted together in exudate 

4 

140 

266 

200 

66 

74 

84 

54 

26 

20 

42 

24* 

30; all dead; matted together in exudate 

5 

62 

80 

40 

50* 








25; 6 living; many covered with bloody 













exudate 

6 

4 

0, 

0 

0* 








4; all dead; matted together in exudate 

7 

13 

16 

6 

9* 








20 ; all dead ; matted together in exudate 

8 

30 

10 

13 

4* 








15; all dead; matted together in exudate 

9 

7 

20 

12 

6* 








10 ; all dead ; matted together in exudate 


• Day of autopsy. 

f When worms are matted together, numbers are approximated. 

Schedule of treatment, rats No. 1-4: 

40 mg. of Neostibosan given intramuscularly on day treatment began and 2, 3, 5, 6, 7, 
7, 8, 10, 12, and 15 days thereafter. 

80 mg. of Neostibosan given 41, 43, 46, 48, 50, 54, 57, and 62 days after the initial dose of 
drug. 

No treatment between the 15th and 41st days nor after the 62nd day. 

Schedule of treatment, rats No. 5-9. 

40 mg. of Neostibosan intramuscularly on alternate days until autopsy on the I4th day. 


Rats. In table 4 are shown the results of treating 9 rats with neostibosan. Four 
of these animals were given comparatively prolonged treatment and, from 3, all 
microfilariae had disappeared when the animals were autopsied 81 days after the 
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initial dose of drug K\er> adult parasite found at the autopsy of the four rats 
was dead The appearance of the adult worms, which were matted together 
and co\cred with exudate (see fig 3), was indistinguish ible from that of tlie 
worms reco%ered from rats treated with neostam 

The result of treating hve infected cotton rats with ncostibosan on alternate 
daj s for tw o w eeKs is also show n m table 4 Diinng this period of treatment the 
microfilaria counts were not significantly reduced When the rats were autop 
Sled, however, all the adult worms were dead and matted together m 4 of the 
animals In the remaining 1 lat, six adult worms were still moving sluggisWv 



A B. C 


Fio 3 Adult Litomosoides caiiimi from the Plcural Space of Cottov Rats 
A (nnle worm) ami B (female worm) from untreitcd rat C, from rat treated with 
Ncostibosan 

Evidently neostibosan has greater effectiveness m killing the adult worm than 
the microfilariae although, once the adult woims are killed, the number of 
microfilariae gradually declines 

rjfect of Drug hi 1 ilro In vitro tests of neostibosan by the method alrcadv 
described gave results essentially similai to those obt lined with neostam 

Discussion There seems no doubt from the data given tint, as a result of 
the repeated injection of cither ncost im oi neostibosan, adult filarial worms are 
killed in the pleural space and miciofilanic finallv disappear fioin the blood of 
infected cotton rats These diugs appear to evert their principal effect on the 
adult worms, for miciofilana counts usuillv iKgui to dcehni. onlv after tre itment 
has continued foi &e\ci il (lavs In i mimlici of the ticited rats, miciofilarnc 
still wore present in the penpheril blood on the dav the rits were uitupsied 
despite the fact that the adult worms nhicii weie then recovtred from these 
animals presented evidence of having been dead foi a considerable time 
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The necrotic purulent exudate which was laid down around the worms prob- 
ablj' represented -a response fay the animal to dead worms (acting as foreign 
bodies) after these had been killed by the drug. Many cells— leucocytes and 
round cells — could be seen in the e.xudate. Some treated animals from which 
only dead worms were recovered presented no exudate, the worms evidently 
having been killed for too brief a time prior to autopsy to permit the development 
of this response. 

As yet, no tests to determine whether or not these drugs exert prophylactic 
action against filarial infection in cotton rats have been made. Such studies, as 
well as both therapeutic and prophjdactic experiments in the filariases of man 
appear to offer good fields for future investigation. 

CONCLUSION 

The repeated injection of neostam or of neostibosan to cotton rats infected 
with the filarial worm Lilomosoides carinii kills the adult parasites which occur 
in the pleural space of the animals and leads to the gradual disappearance of 
microfilariae from the peripheral blood. Even a single dose (40 mgm.) of one 
of these drugs (neostam) has proved sufficient to eliminate the parasite from 
some animals. 

The adult parasites appear to be decidedly more susceptible to the action of 
neostam or of neostibosan than are the microfilariae, for within two weeks from 
the beginning of treatment, the adult worms are usually dead although the 
numbers of microfilaria in the tail blood at this time are essentiallj’’ th6 same as 
before treatment began. 

Neostam and neostibosan in concentrations of from 1 to 5 mg. per cent or more 
kill adult Lilomosoides carinii in vitro after approximately four days at 37°C. 
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In previous studies vitli comparable pressor dosages of eleven sympatho- 
mimetic amines, the five primary and secondary amines •with a catechol nucleus 
caused ventricular tachycardia during cyclopropane anesthesia, and the one 
tertiary amme with a catechol nucleus did not (1, 2) Further studies have 
been made as 15 additional amines ha\ e become available Tests of the present 
drugs have confirmed the conclusion that a catechol nucleus and also a primary 
or secondary ammo group are necessary for the production of ventncular tachy- 
cardia by drugs m the dog during cyclopropane anesthesia Further mforma 
tion regarding the importance of the structure of the ammo group and the effect 
of the change of blood pressure on such tachycardia has been obtained 

Methods The methods used nere those employed in previous mvcstigations (1) 
Dogs served as the teat animal and a ere maintained in a known, constant plane of eyclo 
propane anesthesia throughout each experiment The volume of fluid containing the 
amine and the time in which it was injected intravenously were kept constant, 5 cc being 
given at a steady rate in £0 seconds For each drug direct determinations of blood pressure 
were made on several animals In this way the equivalence of blood pressure rise as com 
pared to that caused by the standard dose of 0 01 mgm of adrenalin per kilogram of body 
weight was determined and comparison made to similar data m the literature OaI> one 
drug was compared with adrenalin on any animal in any day All electrocardiographic 
observations and tracings were made using lead II with the animal lying on its left side 

Results The amines used, the amount of each required to produce a nse 
m blood pressure equivalent to that of the standard adrenalm dosage, and their 
ability to cause ventricular tachycardia during cyclopropane anesthesia are 
mdicated in table 1 They are also grouped with regard to their chemical simi- 
lanty The various cardiac arrhythmias resulting from injection of the ammes 
are shown m table 2 The control results were those obtained when the amme 
was injected into the unanesthetized animal The same dose of the amine was 
given on a different day when the animal had been equilibrated with a 30 to 32 
per cent cyclopropane mL\ture bj breathmg it for 20 to 30 mmutes This con- 
centration is sufficient to maintain dogs m surgical anesthesia with at least 
partial intercostal paralysis 

In the present senes, 34 animals were tested and 56 adrenalm injections were 

‘ Aided by a grant from the Wisconsin Alumni Research Foundation and The W S Mer- 
rell Company 
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Hitidc. T}i6r6 ^ve^e two animals that failed to have ventricular tachycardia 
when so tested. For any animal the duration of tachycardia on different days is 
practically constant. Six of the animals were lost from ventricular fibrillation, 
one when only 2 cc. of the test adrenalin dosage had been given, the other five 
animals with the full 5 cc. injection. No adrenalin injections were done with 


TABLE 1 

Tahulalion of the drugs used in this study with the chemical structure, the equivalent pressor 
dosage of each, and the number of times that ventricular tachycardia was elicited 
from the animals indicated as being injected with each drug 



adrenalin dosage. 


conscious animals since the previous studies had shomi the dosage here used 
does not cause ventricular tachycardia in the unanesthetized animal. 

Discussion. Among the 17 amines in this study there were 8 with a catechol 
nucleus. Primary amines were No. 3 [o!-(3,4-dihydroxyphenyl) ^-amino 
ethane], No. 6 [a-(3,4-dihydrox3Tjhenyl) ^-amino propane], and No. 7 [q:-{ 3,4- 
dihydro^phenyl) «-keto ^-amino propane]. Secondary amines were No. 1, 
adrenalin [a-(3,4-dihydroxyphenyl) /3-methylamino ethanol]. No. 2 adrenalin 
ketone (or kephrine), and No. 8 [a-(3 ,4-dihydroxyphenyl) ^-methyl-amino 
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TABLE 2 


Cardiac arrhythmias during surgical cyclopropane anesthesia resulting from the injection of 
blood pressure raising drugs t» doses equal tn effeetnencss to 0 01 rngm. of 
adrenalin per kilogram 


°€ 

^;Awc or Data akd riocEsnc 

DOSACE 

1 

3 

! 

1 

X 

1 

I 

p 

< 

6 

I 

g 

8 

1 

1 

s 

3 

1 

m 

s 

1 

X 

S 1 

8 

IS ! 

1 1 

I 

1 

i 

X 

> 

< 

i 

> 

< 

a 

i 

i 

1 

B 

z 

s 

a 

!e 

1 

3 

a 

3 

5 

a 

1 



mrn /kt 











1 

Adrenalin o((3,4»dihjdro\>’phenjl) 













p metbylammo ethanol 













With cyclopropane 

0 01 

34 

0 

0 

0 

2 

13 

26 

27 

0 

32 

2 

Adrenalone or(3,4-dihydro\jphenjl) 













a-keto p metbylammo ethane 













Untmesthetiied 

1 0 

3 

0 

0 

0 

2 

3 

2 

0 

0 

0 


With cjclopropane 


3 

0 

0 

u 

1 

2 

3 

1 

0 

2 

3 

a(3,4 dihydroxyphenjl) P ammo 













ethane 













Unanesthetized 

0 125 

3 

0 

0 

0 

1 

2 : 

2 i 

2 

1 

0 


With cyclopropane 


5 

0 

0 

0 

0 

2 

4 ; 

5 

1 

4 

4 

o(3,4-dihjdroxyph€njl)5 dimethyl- 













ammo ethane 













With cyclopropane 

0 4 

4 

0 

0 

0 

1 

0 

1 

2 

1 

0 

5 

tt(3,4-dihydroxyphenjl) a-keto ff- 













dimethylanuno ethane 













Unanesthetized 

30-40 

5 

0 

0 

0 


2 

0 

0 

0 

0 


With cyclopropane 


5 

u 

0 

0 

1 

1 

1 

I 

0 

1 

6 

a(3,4-dihydroxyphenjl) p ammo 













propane 













Unaneathctized 

0 35 

3 

0 

0 

0 


2 

2 


2 

0 


With cyclopropane 


3 

0 

D , 

0 

0 

0 

1 

1 2 

1 

3 

7 

a(3,4-dihydroxyphen>l) a-keto P~ 













ammo propane 













Unanesthetized 

3 75 ' 

4 

0 1 

0 1 

0 

3 

3 

2 

2 

1 

2 


With cyclopropane 


4 

U 1 

0 1 

0 

0 

1 

0 

3 

0 

4 

8 

a(3 4-dihydro\>'phenyl) /S-methyl- 













ammo propane 













Unanesthetized 

0 35 

3 

1 

0 

0 

0 

2 

0 

: 1 

1 

0 


With cyclopropane 

•(0 35) 

3 









2 



1 0 

5 1 

0 

0 

0 

0 

0 

2 

: 5 

2 

3 

9 

a(4-hydroxjphenjl) a-keto 0-ammo 













propane 













Unanesthetized 

7 0 

3 : 

1 

0 

0 

! 1 

3 

1 

0 

0 

0 


With cyclopropane 


4 ; 

0 

u 

3 

1 0 

0 

1 

0 

0 

2 

10 

a(4-hydroxj phenyl) p metbylammo 













propanol 













Unanesthetized 

0 9 

4 

0 

0 

0 

0 

1 

! 0 

1 

1 

0 


With cyclopropane 


4 

u 

0 

3 ! 

0 

0 

1“ 

2 

0 

. 0 



11 

a phenyl methyl, ethyl amino 
propanol 

Unanesthetized 

With cyclopropane . . ... 

12 

a-(4-hydro.\-yphenyl) methyl, efhyl 
amino propanol 

Unanesthetized 

With cyclopropane 

13 

q!( 3, 4-di [ethylcarbonyldioxyjphenyl) 
P dimethyl amino ethane 

With cyclopropane . 

14 

a phenyl 0 amino isobutane 
Unanesthotized 

With cyclopropane 

15 

a amino 0 phenyl propane 
Unanesthetized 

With cyclopropane 

16 

a methylamino 0 phenyl propane 
Unanesthetized 

With cyclopropane 

17 

a amino 7 phenyl 7 butanol 
Unanesthetized 

With cyclopropane . 


* No rise in blood pressure with 0.35 mgm./kg. but ventricular tachycardia occurred in 
two animals. 

propane]. Tertiary amines tested were No. 4 [a-(3,4-dihydrox'yphenyl} /9-di- 
methylamino ethane] and No. 5 [a-(3,4-dihydro,\-ypheny]) a-keto/3-dimethyI- 
amino ethane]. Since crystalline adrenalone was available, repetition of a pre- 
vious study (1) of it was made. The generally available amines possessing a 
catechol nucleus have now been tested. 

From the tabulated data it will be noted that all the primary and secondary 
amines possessing a catechol nucleus were effective in producing ventricular 
tachycardia when administered during cjxlopropane anesthesia, as previously 
concluded (1). Such a result was particularly striking %vith No. 8, which in the 
expected equivalent pressor dose of 0.35 mgm. per kilogram caused a fall rather 
than a rise in blood pressure and yet produced ventricular tachycardia in 2 of 3 
animals. With a dose of 1.0 mgm. there averaged a 36 mm. fall, then a 76 mm. 
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Hg rise abo\e the pre\ious control level Allcs found somcwliat similar effects, 
although not exactly the •same ratio of pressor activity, m his initial work after 
synthesizmg this drug (3) The nsc m pressure obtamed ivas equivalent to that 
of the prcccdmg and succeeding adrenalin injection changes This is additional 
proof to that given previously by Allen, Stutzman and Meek (4) that neither 
height nor angle of nse m blood pressure is a dominant factor in the production 
of ventricular tachycardia, as claimed by Shen (6, 6) 

Neither of the tw o catechol nucleus tertiary amines, Nos 4 and 5, consistently 
produced ventricular tachycardia although it did occur m one experiment with 
the latter drug The remaining nine amines tested did not possess a catechol 
nucleus and in comparable pressor dosages did not generally cause ventricular 
tachycardia 

That most of the amines m large enough dosages will elicit tachycardia was 
shown again when several drugs were given in excessive amounts during the 
determmation of pressor do'iages equivalent to the adrenalin standard Among 
those m which comparable blood pressure raising dosage vaiied from previous 
reports were No 4 [a (3,4-dihjdroxyphenyl)^ dimethylamino ethane], No 10 
[a (4 hydroxyphenyl) ^methylamino propanol], No 11 [a phenjl ^ methyl, 
ethyl amino propanol], No 12 [a (4 hydroxyphenyl)^ methyl, ethyl amino 
propanol], and No 13 (a (3,4 di[ethjlcarbonyIdioxy]phenyl)^ dimethylaraino 
ethane] The ratios determined on spinal dogs for Nos 11 and 12 were reported 
as 75 and 25 mgm per kilogram (7) In our intact animals these doses did not 
cause nsea equivalent to the adrenalin standard When one animal was tested 
with 75 mgm of No 11 per kilogram, progressive cardiac depression and death 
resulted m 10 minutes Subsequent administrations of the nmme were on a 
51 mgm basis The control tests at the lower dosage elicited convulsive seizures 
of 30 and 40 seconds duration in two animals, but both recovered Four am 
mals were given 25, 35, 37 5, and 75 mgm of No 12 per kilogram, and it elicited 
nses of 40, 38, 36, and 20 mm Hg, respectively, hence further mcrcase of do«age 
%vas not indicated No cardiac /rrcgw/anties were piodaccd by this amine an 
the control or during the tests with cyclopropane anesthesia Both of the^e 
amines in such high dosages caused so much respiratory depression that the 
animal was disconnected from the anesthetic supply and artificial respiration 
was given 

Possible explanatory factors for the disparity m pressor dosages foxmd m 
published data are such vanations as (a) use of intact animals versus spinal 
preparations, (b) use of a different species, (c) u<?e of different anesthetic agents, 
(d) lack of a contiolled and known depth of anesthesia, (e) variation m route and 
rate of administration of drugs, (f) administration of unphysiological amounts 
of drugs, and particularly (g) testing with several drugs in the same animal on 
the same day without due regard to summation, potentiation or tachyphylaxis 
or control compari«ions (as with adrenalin) between injections To avoid such 
complications in the present study only one amine was compared agamst adren 
aim m any day, and if tachj phylaxis was known or found to occur only one "d 
minLstration of the drug was made m a day For repeated testing in the same 
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animal it has been possible to use more than one dose of a drug, or several drugs, 
by cannulation of a femoral or carotid artery after shaving and cleansing the 
sldn with tincture of iodine, then dusting sulfanilamide or sulfathiazole powder 
into the cannulation wound. At the completion of the experiment the artery 
was ligated, more of the chemotherapeutic agent applied, and the animal allowed 
one to two or ten to fourteen days to recover. Intermediate recovery time may 
lead to rupture of the artery if there is any struggling during an attempted anes- 
thetic induction. Blood pressure rises from the standard adrenalin injection 
check within 10 mm. Hg in successive experiments provided the same depth of 
anesthesia is maintained. Since the blood pressure rises were comparable to 
those obtained bj' massage of the adrenal glands or stimulation of the splanchnic 
nerves, they are considered to be within possiblj' occurring physiological limits. 

CONCLUSION 

Fifteen additional s3’mpathomimetic amines have been tested for their abilitj' 
to produce ventricular tachycardia in the dog during cyclopropane anesthesia. 
In a dosage producing a blood pressure rise equal to that caused by 0.01 mgm. 
of adrenalin per kilogram, the six primary and secondary amines with a cate- 
chol nucleus consistently elicited ventricular tachycardia. Tertiary amines 
with a catechol nucleus and the other amines used did not cause this 
irregularity. 

We. are indebted for the supply of drugs used in this study, as follows: to Dr. 
Gordon A. Alles of Pasadena, California for Nos. 3, 6, 8; to The Lakeside Lab- 
oratories, Inc. of Milwaukee for No. 5; to The Wm. S. Merrell Company for 
Nos. 9, 11, 12, 14, 15, 1C, 17; to The Burroughs Wellcome Company for Nos. 
2, 4, 13, and to The Winthrop Chemical Company for Nos. 7 and 10. 
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The ability of the brain to oxidize glucose, lactate and pyruvate in vitro has 
been shown to be inhibited markedly by certain barbituric acid derivatives 
(1). The oxidation of succinate or of indophcnol was not inhibited andgliita- 
mate oxidation was only partially inhibited under the above conditions. In 
that same publication Quastel and Wheatley presented data showing that there 
was good agreement between the effectiveness of a barbiturate as an hypnotic 
agent and its ability to inhibit the over-all oxygen consumption of brain tissue in 
vitro. Recently Fuhrman and Field (2) studied more thoroughly the relation of 
structure to the abilit}’ of barbituric acid derivatives to inhibit the oxygen con- 
sumption of rat brain cortex. They found a close correlation, within a given 
series of both alkyl-ethyl and alkyl-allyl derivatives, between the amount of a 
compound necessarj' to produce fifty per cent inhibition of oxygen uptake by 
brain, the delay in onset of anesthesia and the generally recognized duration of 
hypnotic action of the compounds. 

It seems well established from the above reports that barbiturates do inhibit 
respiration of the brain cortex to an extent more or less consistent ^vith their 
potency as hypnotics. Quastel and ^Vheat!cy (1) went further to interpret 
hypnosis produced by those compounds as being due to an interference at cell 
interfaces wth a mechanism which results in activation of the molecules of lactic 
and pyruvic acid. 

It remained for Soskin and Taubenhaus (3) to reason, since barbiturates did 
not inhibit the oxidation of succinate, that “by supplying sufRcient of the latter 
substrate (succinate) one might adequately maintain the metabolism of the brain 
of a poisoned animal until the barbiturate had been destroyed or excreted.” 
The results of their experimentation substantiated their hypothesis. This cor- 
relation of information concerning the effects of compounds on intermediary 
cellular metabolism with the obsen’ed pliarraacodynamic action of barbiturates 
apparently served at once to demonstrate the practicality of this approach to 
such a problem and to stimulate interest in sodium succinate as an antidote for 
barbiturate poisoning. 

The purpose of the work presented in this paper was to evaluate in another 
laboratory the effectiveness of succinate therapy in shortening the duration of 
barbiturate hypnosis. That we were not able to obtain striking confirmation 
of the report referred to above docs not invalidate the basic research on ^vhich • 
the hypothesis was founded. 
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I^ERIMENTAL. The mice used in these experiments were healthy animals of a single 
strain weighing between 20 and 25 grams. Each animal was weighed to the nearest 0.1 
and the doses were calculated on a mgm./lcgm. basis. Sodium pentobarbital was 
injected intraperitoneally in a dose of 80 mgm./kgra. which produced hypnosis in all the 
animals. A single stock solution was used in all the experiments. 

Immediately following the production of hypnosis (loss of the righting reflex) each mouse 
was given the compound being investigated by the intramuscular injection of 0.1 cc. of 
solution into one of the hind legs. The mice were observed constantly to determine when 
they had essentially recovered their righting reflexes. Three different experiments were 
performed on three groups of mice. None of the mice was used for more than a single de- 
termination. The amounts of sodium succinate used for the tests varied from ISO mgm./ 
kgm. to 1,000 mgm./kgm. The dose of sodium malonate and of sodium glutamate was 250 
ragm./kgm. The design of the experiments is apparent in table 1. 

The rats used in these experiments were healthy animals of a single strain weighing 200 
to 300 grams. In order to obtain uniform results all the animals were fasted over night 
preceding dosage; free access to water was permitted. Sodium pentobarbital was adminis- 
tered intraperitoneally in a dose of 30 mgm./kgm. from a single stock solution. The data 
on the rats were summarized in table 2. 

In experiment I the rata were divided into 3 groups. On the first day of the experiment 
group A received pentobarbital alone, group B received pentobarbital plus malonate and 
group C received pentobarbital plus succinate. One week later the experiment was re- 
peated. This time group A received pentobarbital plus sodium succinate, group B re- 
ceived only pentobarbital and group 0 received pentobarbital plus sodium malonate. In 
table 2 the data are analysed as cross-over experiments within each group of rats. 

E.xperiment II was designed as a triple cross-over of a group of 20 rats divided into 3 
groups of 7, 7 and 6 rats. The order of intramuscular injection of the compounds to be 
studied was rotated at weekly intervals so that at the end of 3 weeks each of the 20 rats 
had received (in addition to pentobarbital) 0.2 cc. of distilled wafer, 600 mgm./kgm. of 
sodium succinate and SOO mgm./kgm. of sodium malonate. However, in any one test 
i of the group received succinate, J received malonate and i received distilled water in 
addition to pentobarbital. 

Experiment III consisted of 7 rats which received sodium pentobarbital at 3 weekly 
intervals concomitantly with experiment II. The data on duration of hypnosis in these 
animals were analysed as a triple cross-over experiment in order to demonstrate the degree 
ef variation inherent in such a procedure. 

Since all the statistical methods may not be self evident the formulas used w ere as fol - 
lows: Mean duration of hypnosis in minutes = M; Standard deviation => er = 


/(/— 
y (iv- 


1 )’ 


Standard error 


Significant difference = < 


: 7^1 VAXUCHiUUY; — »- — y — probability (P) is ex- 

V n V «I + <1 

pressed as the number of times the observation might occur due to chance in 100 trials, 
from tables of probability making use of t and n values. 

The effect of sodium pentobarbital on the oxidation of succinate by the isolated succm- 
oxidase system was determined with the aid of a conventional Warburg apparatus. Each 
flask contained: 

0.3 cc. Na-K phosphate buffer M/4, pH 7.48 
Cytochrome C 1.0 X 10"’ mols./cc. 

Ca’Ch M/1000 

AlCl, hI/1000 rr-7Aa 

10 per cent mouse liver homogenate in phosphate buffer M/40, pH 7.48 

Sodium succinate M/2 (in side arm) 

Sodium pentobarbital, 1 per cent solution (or water for control) 

Distilled water 


0.3 cc. 
0.1 cc. 
0.1 CO. 
0.4 cc. 
0.3 cc. 
0.3 cc. 
1.2 CO. 
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Cytochrome C was prepared essentially according to the method of Keilin and Hartree 
(4), stored in the lyophihred form and restored to the desired concentration at the time of 
use (5) The very dilute rat liver homogenate was used as a source of succinic dchydro* 
genase and cytochrome oxidase The advantages of such an homogenate in this system 
have been discussed by Potter and Elvebjem (6) The succinate was tipped from the side 
arm into the contents of the flask following a 10 minute period of shaking in the water bath 
to permit temperature equilibration The flasks were oscillated at a rate of 100 per minute 
through a stroke of 4 cm Temperature « 38 6*C Ten per cent NaOH saturated filter 
paper was contained in tho center wells 

Results Table 1 summanzes all the data obtained on the duration of 
pentobarbital induced hypnosis m mice as influenced by succinate, malonate 
or glutamate In general, a t value of 2 or over indicates a statistically signifi- 

TABLE 1 


The influence of sodium tucetnale, sodium malonate and sodium glutamate on the duration of 
hypnosis induced tn mice by sodium pentobarbital 


Exrzii 

UZNT 

NO or 
uiez 

NA rCMTO* 
BAiatTAL 

I r DOSE 

INJECTIO*! SUB&EQOEMt TO lOSS 
or ticotiNcurtEX 

ANALYSIS or DUTATSON OT NATCOSIS* 

Compoued 

IM Dose 

^ i 

1 ' 1 



1 ^ 





mtm Iktm 



mlnules 



A ■ 

19 

so 

Control 


91 

26 

5 9 




18 

so 

No succinate 

150 

74 

16 

3 8 

2 41 

2 

B 

19 

SO 

Control 


73 

20 

4 6 




20 

SO 

Na succinate 

150 

69 

11 

2 5 

0 77 

45 


10 

SO 

Ka malonate 

250 

63 

17 

3 9 

1 66 

40 


10 

80 

Na glutamate 

250 i 

66 

1C 

3 7 

1 10 

25 

c 

16 , 

80 

Control 


77 

13 

i 3 ' 




19 ' 

80 ' 

Na succinate 

1000 

53 


3 2 1 

5 25 

<1 


• M “ mean duration in minutes, « standard deviation, « “ standard error, ( “ 
significant difference, P probability, in 100 trials, of the difference from the control being 
due to chance I P « mtrsperitoneal, I M » intramuscular injection 


cant difference between the control values and the duration of hypnosis as in- 
fluenced by an agent Also, it is unlikely that a result falling beyond a 5 per 
level cent of significance (P > 5) can be attnbuted to an unequivocal analeptic 
effect of the compound being studied 

Using these limits of significant differences it appears that an intramuscular 
dose of 150 mgm of sodium succinate per kgra did not consistently shorten the 
duration of pentobarbital hypnosis m the two groups of mice studied More- 
over, it should be noted that in expenment A, where the greatest effect of suc- 
cinate \^as observed, the duration of hypnosis for the control group v-as much 
longer than for any other control or treated group of mice When sodium suc- 
cinate was injected in a dose of 1 gmm/kgm the duration of hypnosis was sig- 
nificantly reduced (f = 5 25, P = < 1) 

Neither malonate nor glutamate produced a marked effect on the duration 
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of pentobarbital hypnosis in mice. Also, from the data in table 2 it may be 
concluded that sodium malonate (250 to 500 mgm./kgm.) did hot influence sig- 
nificantly the duration of pentobarbital hypnosis in rats. 

Sodium succinate injected intramuscularly in doses of 250 and 500 mgm./kgm. 
decreased the duration of pentobarbital hypnosis in rats to about the same ex- 
tent, judging from the I and P values presented in table 2. While this diminution 
was not great the injection of sodium succinate did decrease the duration of 
hypnosis under these conditions. 


TABLE 2 


The influence of sodium succinate and sodium malonate on the duration of hypnosis induced 
in rats by sodium pentobarbital 



1 

■ 

iSJECnOM SUBSEQtJEST TO lOSS 

OP KICHTIKC REFIXX 

ANALYSIS OP DCKATION OP NAYCOSIS* 

Compound 

I.M. dose 

a/ 

1 " 

n 

lona 



mgm.fkgm. 


mgm.fkgm. 



minutef 



Ia 

7 

30 

Control 


52 

5 

1.9 





30 

Na succinate 

250 

38 

15 

5.6 

2.34 

D 

Ib 

8 

30 

Nil malonate 

250 

88 

39 

13.7 

0.33 

75 


1 

30 

Control 


81 

45 

15.9 



Ic 

7 

30 

Na succinate 

250 

42 

It 

4.2 

2.32 

4 



30 

Na malonate 

250 

75 

36 

13.6 



ir 

20 

30 

Distilled H-O 


' 83 

19 

* 4.3 





30 

Na succinate 

500 

69 

IS 

4.0 

2.40 

2 



30 

Na malonate 

500 

77 

25 

5.6 

0.86 

40 

III 

7 

30 

Control 


81 

27 

10.2 





30 

Control 


85 

25 

9.6 

0.29 

75 



30 

Control 


79 

23 

8.7 

. 

0.15 

88 


* M — mean duration in minutes; o- = standard deviation; e = standard error; i = 
significant difference; P = probability of occurrence of the difference from the control 
being due to chance in 100 trials. I.P. = intraperitoneal; I.M. = intramuscular injection. 


The data presented in experiment III, table 2, illustrate strikingly the minimal 
variation inherent in the duration of barbiturate hypnosis of the control animals 
when the procedure was repeated three times in a single group of rats and the 
data analysed as a triple cross-over experiment. 

Discussion. We have been able to confirm qualitatively the observation of 
Soskin and Taubenhaus (3) that the intramuscular injection of sodium succinate 
decreased the duration of pentobarbital hjimosis in rats and also in mice. Hmv- 
ever, under the conditions of our ex-perimentation the magnitude of this mhibi- 
torj-’ effect was not nearly as great at any dosage level for succinate as they re- 
ported. Using data on the rat only, their { values at dosage levels of 250 and 
500 mgm./kgm. were 5.5 and 7.9 respectively whereas ours were 2.34 and 2.4 
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respectively The cause of this difference is not at once apparent since the de 
tails of the procedure m the tuo hboratones appear to be essentially similar 
The fundamental observations of Quastel and Wheatley (1) on which the 
succinate-barbiturate antagonism premise lias been based are probably cor- 
rect We have repeated what appears to be the kejstonc of these observations 
pertammg to the prc'^ent study, using what may be considered an isolated, 
complete succinoxidasc system, and have found that the oxidation of succinate 
by this system was not inhibited bj pentobarbital, table 3 
However, we believe that invoking these findings to explain a succinate- 
barbiturate antogoni‘jm limits too narrowly the po^'^iblc modes of action of 
barbiturates on cellular respiration Superficially, it would seem that if suc- 
cinate could shorten pentobarbital h>pnosis, malonatc, by inlubitmg the utiliza- 
tion of what succinate is present or produced in the body, might prolong hyp 

TABLE 3 


Ox7jgen uptake tn the course oj( the oxtdatton of auectnate by the auccinoztdase system tn the 
absence and presence of pentobarbital 


Tiue 

COKtIOI. 

rCNTOBASBITAL BBBSZNT* 

nix 

cx nn 

tu nn 

0 



30 

257 

252 

60 

300 

390 


* Tmal concentration of sodium pentobarbital 0 1 per cent 


nosis Also, the fact that malonic acid and urea combine to make up the 
barbituric acid basic structure tempts one to examine the data even more close)} 
for some reciprocal relationship in the action of succinate and malonato on 
barbiturate hypnosis We have not found such a relationship to exist 
So much remains to be learned concemtag the effect of barbiturates on cellular 
respiration and metaboli«!m that it seems too early to consider the mode of action 
of these compounds as settled It is to be hoped that the work of Soskin and 
Taubenhaus will stimulate furthei mquiryinto the problem of what appears to be 
a quantitatively not too striking antagonism between pentobarbital and suc- 
cinate 


SUMMARY 

Sodium malonate and glutamate, as administered in these experiments, were 
without effect on the duration of pcntobaibital hypnosis in mice or rats We 
were able to confirm the observation tliat pentobarbital did not inhibit the tn 
iilro oxidation of succinate by the succmoxidasc system Though it was found 
that the intramuscular administration of sodium succinate to mice and rats 
moderately diminished the duration of pentobarbital liypnosis, this succinate- 
barbiturate antagonism v\as not ncarl} as great on a dosage ba«!is as has been 
reported previously 
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Historical re\ iew The lustological changes pioduced bj spinal anesthetic 
agents on the Imraan spinal cord ^>erc studied bj iSpiclme>er (1) m 1908 and 
b} Lindenmulder (2) in 1932 The former author evammed the spinal cords 
of t^\o patients, one djing after sto\aine and the othei aftei apothesme spinal 
anesthesia 

In experimental animals Van Liei (3) in 1907 studied the effects of 8to\ainc- 
suprarenalin and AVassildo (4) tho«e of stotaine, tropococaine, al>pin and pro 
came Both of the'^e studies uerc done on labbits Davis, Haven, Given and 
Emmett (5) m 1931 noted the effects of nupeicune and diffe.ent procaine com- 
binations (spmocame, gravocaine and scuiocaino) on dogs’ cords in doses given 
to patients Tho«e authors al«o called attention to the fact that local anesthetic 
agents are hemoh tic and therefore, according to V eil (0) aNo m> elolj tic agents 
Finallj the vioik of Lundv, E'&ex and Kemochan (7), also on dogs, with pro- 
caine showed that the concentration of the diugs used was a large factor in the 
changes in function and in liislologj of the cord 

Koster and Ivasman (9) in 1931 attempted to contiol quantitativelj the con 
centration of the drug coming in immediate contact with the nerv ous tissues bj 
injecting 0 21 mgm of procaine per gm weight of autumn frog, dissolving the 
drug in 0 1 cc of 0 75 NaCl solution and injecting it into the uiostvle Ihis 
dosewas based on the quantitative deteimination bj Bieter, Han ev and Burgess 
(9) on the spinally effectiv e dose of procaine m Logs 

Thus at least 7 local anesthetic agents have been iiiv estigated fiom the stand- 
point of their histological effects on the renous tissues stovaine, tiopococaine, 
procaine, nupercaine, alvpin, apothesme and nupcicaine In these studies, 
5 species of animals, were u^cd, men, moukevs dogs, \ \bbits and frogs There 
IS uniformitv of opinion on the tiss\ic changes m the coid The-c aie chroma 
toljsis, diffuse parenchj matou‘« degeneiation, swelling of the cell bodies, disso 
lution of the Nissls’ granules, edema of the nucleai membiane, cccentiicitv of 
the nucleus, and inflammatorv reaction m tlie arachnoid with thickening of that 
membrane The ganglion cells al>o participate in those changes Theie is, 
however, divergence of view on the permanence of thc'^e changes '\'^an Liei 
and Koster and Kasman maintain that thc'>e changes aie tiansitorj while Spiel- 
mej cr and Davis et al hnd some of them rclativclv permanent — such as fibrotic 
scarnng of the meninges 

Besides the fact that these two gioups of woikeis weie u-ing diffeient evpen- 
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mental animals, there is another possible explanation for the difference in their 
findings. This is the difference in the concentrations of drugs used by them. 
Koster and Kasman in dissolving 0.21 mgm. of the drug in 1 cc. of fluid used a 
0.2% solution. The strength of the solutions used by Davis et al.was not given 
but may' be roughly computed. An average human therapeutic dose of pro- 
caine is usually 100-150 mgm. and the volume of solvent usually from 3 to 5 cc. 
This would result in a solution of from 3 to 5% which is from 15 to 25 times the 
concentration used by Koster and Kasman. 

However it was not possible to control the final concentration of drugs coming 
' in contact with the tissues because the factors of the spinal minimum anesthetic 
and minimum lethal doses had not been determined until recently. 

Basis of present work.’ Bieter, Cunningham, Lenz and McNearney (10) 
in 1936, folloAving an observation made by Co Tui (11) that the intracisternal 
lethal dose of procaine in dogs was more closely related to the sjiinal lengtlis of 
the animals than to weight, established quantitative standards for the minimum 
lethal dose (M.L.D.) and the minimum anesthetic dose (M.A.D.) for several 
drugs on chinchilla rabbit. They used the rabbit in preference to other experi- 
mental animals because the practical “absence of spinal fluid in this animal makes 
it po.ssible to study the precise pharmacological and pathological actions of 
solutions of more e.xact percentages without having to contend witli the diluent 
effect of spinal fluid”. In animals with considerable spinal fluid as in man this 
diluent factor is significant; on the dog it is present to a less degree. 

In 1942 Co Tui, Preiss, Burnstein and Ruggiero (12), following the method 
described by Bieter et al. for rabbit, established standards for the cat. Since it 
was actually the concentration and not the dose involved which was determined 
these authors termed the factors minimum anesthetic or minimum lethal con- 
centration (M.A.C. and M.L.C.) as the case might be. The cat has a supply of 
spinal fluid which, though minimal, can be drained off in drops. 

The establishment of these factom of M.A.C. and M.L.C. made available a 
quantitative basi.s on which to study the comparative histological effects of differ- 
ent concentrations of the .same drug on the spinal cords of rabbits and cats. 

In the present work three dings are used; procaine, nupercaine and mono- 
caine formate.' 


' MonCcaine formate has the formula: 


CUi 


/ 

CH 

/ \ 

COOCH,CHs— NH— CHj CH, 

/\ 

H COOH 

\/ 

NIL 

MonScaine formate was described by .Vbramson and Goldberg in 103S (18) and m- 
liiflpd bvCoTui et al (12) in their .studv of anim.al standards for spinal anesthetic agent . 
“ail'w ™ ..~d o'™ o„.»..oo.lcd by .b. Co»il .1 Pl,»n„..y 

and Chemistry of the in order to avoid its being mistaken for norocaine. 
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Methods and technique 135 inimals were used in this atud^ , 81 chincluUa rabbits 
54 cats The concentrations arbitranlj chosen but consistentlj used for each drug ^\ere 
a) minimum anesthetic concentration (MAC), b) half minimum lethal concentration 
(i MLC) and c) minimum lethal concentration (MLC), using for histological study the 
ammals nhich surviaed the injection The volume injected was in each case 0 02 cc 
per cm spinal length of the animal Since the rabbits ranged from 25 to 30 ems m spinal 
length averaging 27 5 cnis , the volumes injected were from 0 5 to 0 6 cc averaging 0^65 
cc The cats ranged between 45 and 49 cm and averaged 48 5 cm spinal length and re 
ceiv ed from 0 9 to 0 98 cc (average 0 97 cc ) of the solution 

The techniques of making the solutions and performing the injections have been de 
scribed in previous work (11) 

Table J gives the concentration of each drug used as « ell as the distnbution of the ani- 
mals m the various groups It will be noted that there are 18 groups of 3 cats each and 
27 groups of 3 rabbits each making a total of 45 groups The necessity of using pheno 
barbital as a prcmcdication in all the cats made it impossible to determine the MAC for 
this species 


TABLE 1 

Showing distribution of animals in the different dosage groups untA average doses for 
eaeh group calculated from their spinal lengths of each individual animal 


2 da cdi I S da c<b 
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agent, only the cord sections of the animals given this latter drug will be given 
in the illustrations. 

M.A.C. CORDS. In the 27 rabbits receiving the M.A.C. of the three drugs, there 
was no discernible reaction in either the meninges or the cord in any of the 
sections, whether on the second, the fifth or the fourteenth day. 

The myelin sheath stain brought out no evidence of degeneration anywhere 
in the white matter. The meninges were normal throughout, there being no 
evidence of inflammatorj' reaction. The gray matter was likewise normal, the 
nerve cells being of normal size and shape and the indentations of cellular out- 
lines being plainly visible. The normal cell processes were likewise visible and 
the Nissl bodies presented no abnormalities. The nucleus was centrally placed 
showing no evidence of chromatob'sis nor could any glia reaction be seen in any 
of the sections. 

Half m.l.c. cords. There were 54 sections under this dosage, 27 of cats and 
27 of rabbits. Two da3' sections of the cords treated with each of the three 
dnigs presented definite evidence of moderately severe pathological changes. 
The meninges showed inflammatory reaction without the presence of polymor- 
phonuclear leukocytes. Perivascular infiltrations of plasma cells and lympho- 
cytes were marked, extending along the meningeal layers. The white matter 
showed definite degeneration of the mjrelin sheaths (fig. 1), the round outIine.s 
of which were rarelj' visible; whatever part of the sheath was present, was dis- 
torted. This degeneration was seen throughout the white matter from the 
periphery to the borders of the grej-. In the latter there was a moderately 
severe glia reaction and the ner^-e cells c-speciallj' in the anterior horn presented 
definite changes. The indentations of the cell outline were lost, the cell outline 
having become more or less rounded. The Nissl bodies had for the most part 
lost their granular appearance, many- of the nerve cells showing only a smooth 
homogeneous matrix. The nuclei as a rule were displaced to the peripherj'cod 
were undergoing chromatolysis. 

Five day cord sections presented considerable regression of the above changes. 
The round cell infiltration of the meninges had mostly' cleared; the rounded 
myelin sheath outlines had reappeared in GO-75% of the white matter and only 
that portion adjacent to the periphery still remained unaltered from the second 
day appearance (fig. 2). In the gray matter the nerve cells had recovered con- 
siderably, with the normally indented cell outlines returning, the nucleus moring 
closer to the center and the granular Nissl bodies reappearing. 

The fourteenth day specimen presented almost complete return to normal, all 
the inflammatoiy meningeal reaction having disajipoared. The myelin sheaths 
had reestablished their rounded contours (fig. 3), the nerve cells in the grey 
matter had also recovered and only a slight glia reaction .still remained. 

I^I.L.C. There were likewise 54 sections under this dosage. Two days .sec- 
tions of the spinal cords subjected to the minimal lethal concentration evidenced 
the most severe pathological changes of all. There was an intense round cell 
infiltration of the meninges with associated perivascular cuffing. The white 
matter '(fig d) presented considerable degeneration of the rounded myelin 




Fio. 1. 0 Day Uabbit SriNAL Cono Section FoI/Uowino Half MLC 

or Mos6caine Formate 

Davenport modification, Cajal stain Note moderately severe degeneration and dis- 
tortion oi mjclin sheaths in white matter. 



Fiq. 2 Five Day Eabbit Spinal Cord Section Following MLC or 
Mon&caine Formate 


Davenport modification, Cajal stain. Note considerable recovery and regeneration of 
myehn sheaths of white matter, as compared with fig. 1 . 







Davenport modification, Cajal stain. Note return of myelin sheaths in white matter 
completely to normal state as compared with figs. 1 and 2. 



Fig. 4. Two D.\y Rabbit Spinal Conn Section Foli.owing MLC of 
Mo.v5caine Foiimate 


Davenport modification, Cajal stain. Severe degeneration of myelin sheaths and avis 
cylinders throughout the white matter. Note greater seienty of degenerative process as 
compared with two day section following half minimal lethal dose in tig I. 
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sheaths for tlie entire ^^Klth In the gnj matter the ncr\e cells Mere rounded 
m shape, the Nissls bodies had dusappeared and the nucleus had undergone 
considerable chromatolvsis in its ecccntnc position at the periphery of the cell 
The none cells in the anterior horn ^^ere particularh affected There also was 
a sevei c glia reaction Sections from the animals w Inch w ere killed 5 daa s after 
the injection presented little difference from the two da\ sections except foi 
some slight recession of the infiltration of the meninges (fig 5) rourtcen da% 
sections presented considerable improvement, howc\er, the round cell infiltration 
of the meninges had almost complclclj disappeared but fibrotic changes were 
noted m ‘some places In the white matter there were about 75-80% regenera 



1 IG 5 Tivl Day Rabbit Spival Cono SbCTiov roLLOWiNG MLC OF 
MohdcAiNE Formate 

Divenport modification, Cajal etain Note similarity of degree of degeneration m the 
white matter as compared with fig 4 

tion of the m^elln sheaths, the greater amount of regeneiation haMng occurred 
clo-aer to the gra> matter (fig 6) In the graj matter the nei \ e cells had mosth 
returned to normal but a moderate gha reaction remained 
There was more fcc^c^o imoUemcnt of the anterior horn cells in the animals 
injected with half the M L D This maj be due to the position of the animals 
which were strapped to a iiammock with the ventral aspect of the bod\ depend 
ent The more concentrated solutions would therefore tend to stav longer in 
contact with the anterior than with the posterior a*spcct of the cord 
CoMMLNTS Attention must be called to the fact that bj cmplojing the 
phsimacologic factors of MAC and MLC m this investigation the tissue 
enccts of these drugs are studied from the standpoint of function il clfect 
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The results of the experiments may be stated briefly. If the intraspinal 
injections of the M.A.C. of the drugs caused any reactions in the spinal cord of 
rabbits these reactions were no longer discernible two days after the injection. 
Vi hen the concentration was increased to the half minimum lethal concentration, 
the tissue changes were fairly marked on the second day, began to show signs 
of regression on the fifth day and had almost all disappeared on the fourteenth 
day. With the minimum lethal concentration, however, the tissue changes were 
more intense, persisting beyond the fifth day but were practically absent on the 
fourteenth day, leaving some glia reaction. 



Fig. 6. Fourteen Day Rabbit Spinal Cord Section Following MLC 
OF Monocaine Formate 

Davenport modification, Cajal stain. Considerable regeneration of myelin sheaths in 
white matter to be noted as compared with figs. 4 and 5. Nevertheless incompleteness of 
recovery is to be observed, compared to complete recovery of fourteen day section following 
half minimal lethal dose as in fig. 3. 


Some of the implications of these findings may be set forth: 

The tissue effects of procaine, monOcaine formate and nupercaine are of com- 
parable intensity when the drugs are given in comparable functionally active 
concentrations. This in turn implies a close parallelism between pharmacologic 
action and tissue reaction. The M.A.C. caused no changes discernible on the 
two-day sections in any of the three drugs while the half M.L.C. and M.L.C. 
produced tissue changes almost of parallel intensity for each of the concentra- 
tions If this parallelism is confirmed in the case of other local anesthetic agents 
it would probably signify that here pharmacologic action and ti.ssue changes are 

inseparable. 
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With loi\ conccntiations the effects arc trmMton , thus confirming the work 
of both Van Lier and of Ivoster and Kasman but uith higli concentrations the 
tissue reaction is moic piolongcd confirming the uoik of Spiclmejcr and Davis 
There is a basic similaritv m the nervous tissue changes produced bj the-^e 
three drugs in rabbits and cats in this work and in the woik of others with one 
of these drugs (procaine) and with othei membei's of the cocaine series in frogs, 
dogs monkejs and man Tins again indicates a paiallehem between pliarma 
cologic effect and tissue lesponsc 

In deciding which of these three drugs is to l>e ased as a preferable spinal 
anesthetic agent, the factor of tissue leactiou mav be eliminated from considera 
tion Anesthetic cffectu eness and acute toMcitv then still remain determining 
factors 

SUMJUm AND CONCLUSION 

1 The tissue changc^ caused in the spinal coid m the i ibbit and cat the 
subarachnoidal injection of procaine hvdiochloiide mondjcaine formate and 
nupercaine m doses quantitated as to their functional effect were studied 

2 The tissue changes if anv of M AC wcie not disceinible in two da>s 
With the half M L D the changes leachcd a maNimum on the third daj (two 
da> cord) beginning to regre-s on the si\th dav but dtsappoaring almo^.t com 
pletel> by the fifteenth dav 

3 The tissue changes caused In the M LC were more maiked than those 
caused bj half M L C and persisted longer showing no regression on the sixth 
dav and glia reiction on the fifteenth dav 

4 There appeal's to be a clo^e parallelism between the intcnsitv of phaima 
cologic action and of lis'^ue change® in all the three drug® studied 

5 The above ic-ults seem to leconcilc the two schooU of thought on the 
permanence of tissue ch inges caused b> spmal anesthetic agent® 

The authoiN wi^h to thank the "No^ocol Chemical ^Ifg Co for making avail 
able a supplv of monocame formate for this woik 
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Following oral administration, the heterocj'clic sulfonamide drugs pass, in part, 
into the portal circulation and reach the liver. Here, the drugs undergo a series 
of metabolic reactions which determine to a large extent whether oi- not the prod- 
ucts of these reactions will form uroliths. The products of these reactions, which 
appear in the urine, may be ditided into an organic-soluble group and a water- 
soluble group. The former group includes those products which may precipitate 
in the urinarj" tract, whereas the water-soluble gi-oup includes those products 
which do not form uroliths. Information concerning these detoxication products 
is of fundamental interest in the etiologj- of sulfonamide urolithiasis. In order 
to determine the proportion of water-soluble and organic-soluble products in the 
urine, a distribution method was deinsed, and this method was used to studj' the 
urinarj- elimination of a number of sulfonamides in the )'at. 

Expebimextai,. E.acli of sK drugs (sulfanilamide, sulfapyridine, sulfathiazole, sulf.s- 
diazine, and sulfapyrazine) was given by stomach tube to groups of 3 rats at the uniform 
dose of 100 mgm. per kg body weight per day, in the form of a 2 per cent suspension in 10 
per cent acacia. The first 48-hour urine sample was collected, and a second 48-hour urine 
sample including the urinaiw- output after the sivth and seventh doses was also collected. 
.Additional groups of animals were given acacia without the sulfonamide drugs and com- 
parable urine samples weie collected for control purposes. 

Three series of solutions weie prepared for the distribution studies. 

1. The 48-hour urine s.imples were analyzed according to Biatton and Marshall (1);' 
diluted, and adjusted to pH 7 46 at concentrations equivalent to SO mgs per cent sulfanila- 
mide. 

2. Volumes of control uiine- equal to those used in the corresponding 4S-hour samples 
were added to slightly alkaline stock solutions of the dnigs, and the solutions were adjusted 
to an equivalent concentration and pH. 


' Analyses were diiect determinations performed without h\ drolysis Since acctylatcd 
forms do not diazolize unless hydrolyzed, these arc eliminated from consideration, al- 
though organic-soluble and water-soluble detovicatiou products may be acetjiated. 

= Several of the sulfonamide drugs are known to produce albuminuria (2) and since the 
sulfonamides are “bound" by protein (.3) all urine samples were e\amincd with a heat and 
acetic acid method Traces of protein were present in the 4S-hoiir urines, but equal 
amounts were present in the control urines Since the jirotein prc=cnt in the control urine 
did not interfere in the determination of the distribution coefficients, it is reasonable to 
assume that it w ill not interfere in the evtracuon of the 4S-liour urine Ncvertlielc-s, drug 
dosage was planned to vield urinary concentrations aboie 2o mgs per cent (as sulfanila- 
mide). At these levels the 4S-Iiour urine samples must be diluted at least one to ten before 
the butanol e.vtraction. 
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3 Aqueous solutions of the various drugs were adjusted to equi\ alent concentrations and 
pH 

To 25 cc samples of adjusted solutions 1, 2, and 3, there was added 25 cc of a Mcllvam 
buffer, at pH 7 46, and 50 cc of reagent n*butanol, and the systems, placed on a shaking 
machine in all-glass containers, were shaken at room temperatures After equilibration, 
which 13 attained within one hour, the volumes of the 2 phases were measured, and 1 cc 
samples of the butanol and of the aqueous phases were diluted to 100 cc with water and 
analyzed The concentration in the butanol phase, Ci, and the concentration m the 
aqueous phase, C*, were used to calculate the ration Ki After these initial determinations, 
the pH of the aqueous phase *w as checked using the glass electrode, and a second extraction 
was performed with on equal volume of butanol to give C}, CJ and Kj It was not always 
possible to obtain Kt values with aqueous solutions of these drugs, for example, with solu- 
tions of sulfapjTidine at pH 7 46 and with aulfapyrazine at pH 6 0, so much of the drug was 
extracted by the butanol that insufTicient was left m the aqueous phase to give reliable read- 
ings in the photoelectric colorimeter 

ith sulfadiazine and aulfapyrazine it was found desirable to perform the extractions at 
pH 6 0 These drugs, which undergo appreciable salt formation at pH 7 46, possess rela- 
tively high water solubilities and are not readily differentiated from their more water- 
soluble metabolites At pH 6 0, however, a larger portion of the unchanged drug migrates 
into the butanol phase, and the differentiation is more clearly apparent 

Results Recoverj data (colurans 1 and 2 of table 1) indicate an analytical 
vanation of d=2 3 per cent anth a maximum deviation from the mean of 5 8 per 
cent 

The ratios Ki and Kj obtained with the aqueous solutionis and with the control 
urine samples are distribution coefficients These should be constants exam- 
ination of the data (columns 5 and 9) indicates that the widest average deviation 
from the mean value for anj sulfonamide stiidii^ is ±C per cent and the widest 
deviation from the mean nev er exceeds 15 per cent Tlius, changes in concentra- 
tion m going from Ki to K*, slight changes which may have occurred m the pH, 
the presence of urine m the aqueous phase, temperature vTinations, etc , produce 
variations in the distribution coefficients which fall within the^e limits As 
anticipated, the distribution coefficients of the heteroev clic sulfonamides meas- 
ured at pH 7 4G parallel the pK values (column 6) reported b} Bell and Roblin 
(4) 

The values of /vi and Aj obtained with the 48 hour unne sample are not dis- 
tribution coefficients Tliej wall be called experimental ratios Th6y arc not 
and should not be constants In the determination of these experimental ratios 
a mixture of the unchanged drug and its water soluble metabolites ls subjected 
to butanol extraction Since the water soluble products will remain essentially 
m the aqueous phase the latio of Ci to Cj should give values which fall below the 
distribution coefficient of the given drug If this is not clearly evident in the 
initial experimental ratio, Ai it should become so in K 2 , because the initial 
butanol extraction removes much of the unchanged drug leaving a relatively 
higher concentration, C\, of water soluble material, and a lower concentration, 
Cl, of butanol soluble material for the second extraction Comparison of the 
experimental ratios and the distribution coefficients (table 1) illustrates these 
points For sulfapy ridine, sulfathiazole, and sulfamenzine, the K\ experimental 
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TABLE 1 — Continued 


etna AMD pH or sxpxttuxKi 

SZCOVXtY DATA 

Cl 

acTA 
KOL : 

COIiO 

JTi 

tK 

Cl 

BDTA 

1 

Cl 

BiO 

i 


%WATr« 

SOLUBtE 

UETASOUTES 

Cone ^ 


1 

1 

Sulfadiazine HjO 

5 10 

5 OS 

3 75 

1 25 



' 0 ss j 


2 93 



Control urine 

6 10 

5 20 

3 80 

1 35 

2 92 



H 

2 78 



pH 6 0 Test urine ' 

5 50 

5 46 ' 

3 SO 

1 63 

2 sJ 



0 6o' 

1 07 

6 

4 5 

SulfapjTazino HjO 

4 80 

4 86 

3 90 


4 88 

6 04 






Control urine 

5 20 

5 28 ! 

4 20 

0 95 

4 42 

- 






pH 6 0 Test urine 

5 50 

5 32 

4 10 

1 20 

3 42 


0 so 

0 40 

2 00 

CO 

4 2 


ratios arc smaller than the corresponding distnbution coefficients, and the 
ratios are smaller stxll Tor sulfanilamide, the lu ratio is not nppreciabl> smaller 
than the distribution ratio, but the Kt ratio is sjgmficantlj smaller Thus, the 
determmatjon of the experimental ratio Kt ni‘i> disclose the presence of water 
soluble products not detected m the Ki determination 

If one assumes that onh the unchanged drug migrates rate the butanol phase, 
the concentration of the vater soluble products in the 48 hour urine rany be cal 
culated from K *= Cj/Cj ICnounng the distnbution coefficient, K, and Ci, the 
concentration of the unchanged drug found in the butanol phase, its concentra- 
tion in the aqueous phase Cj, maj be calculated C- experimentally determined, 
mmus C", calculated, is essentialh equal to the concentration of the \sater 
soluble excretion products Values so calculated are listed in column 10, of 
table 1 as percentages of the diazotizable matcnals appeanng m the 48 hour urine 
samples Approximately 40 per cent of the so called ‘ free” sulfapj ndine in rat 
urine appears in a iiater soluble form This is m agreement \Mth the value of 
40 per cent estimated b> us (5) In other means About 10 per cent of the 
urinary sufanilaoude appears in a water soluble form Compared to tins v alue, 
it may be noted that Shelsvv ell and Williams (0) estimated bj other means that 6 
to 12 per cent of the sulfanilamide was eliminated as an ethereal sulfate m the 
rabbit 

The assumption that onlj the unchanged sulfonamides w ill migrate into the 
butanol phase is not entirelj justified Slighth modified forms of tlic drugs, '\nd 
small amounts of the water soluble products will be extracted bj the butanol 
Anj partial hjdroljsis of an acetal derivative which raaj have occurred during 
the test procedure w ould liberate more of the unchanged drug and partial 
h>droljsis of on ethereal sulfate or glucuromde linkage would presumably liber 
ate a hy droxy sulfonamide These products vv ould also be extracted by the bu- 
tanol It should be pointed out, however, that these effects wall diminish the 
apparent concentration of the water soluble excretion products Hence these 
factors in no wav invalidate the finding presented 
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It is interesting to note that the percentage of the heterocyclic sulfonamides 
which appears in a water-soluble form parallels the pK values reported by Bell 
and Roblin (4). This parallelism suggests that the heterocyclic sulfonamides 
possessing the lowest pK values are, in this respect, the least metabolized. It 
might appear that these drugs, circulating largely in the form of soluble anions 
in body fluids, are readily eliminated and, thus, escape metabolism. In this 
connection, it may be noted that sulfanilamide, although a veiy weak acid, is 
relatively soluble, and it, too, is converted but slightly to water-soluble excretion 
products. Sulfamerizine is more soluble than sulfathiazole at pH 7.4; yet, it is 
metabolized to a slightly greater extent. Since sulfamerizine is retained in the 
animal organism for comparatively long periods of time (7), this retention, 
related possibly to protein binding, tubular reabsorption, etc., may influence the 
metabolism of this drug. Although other factors are involved, the relationship 
of the degree of this metabolism to the solubility and to the tendency of the drug 
to dissociate* appears to be significant. 

Discussion. The urinary excretion products of the sulfonamide drugs have 
been divided, for quantitative study, into two groups; namely, an organic- 
soluble, and a water-soluble group. The former includes those relatively insolu- 
ble products which may precipitate within the urinary tract, whereas the latter 
group includes those comparatively soluble products which do not form uroliths. 

The organic-soluble group consists essentially of the parent drug (8), an 
N^-acetyl derivative (8, 9, 10), a monohydroxyl derivative (11), and possibly 
other, as yet uncharacterized, products.* Each of the three kno\m types of 
product has been found in urinary concretements. Stones composed of un- 
changed sulfadiazine and of unchanged sulfamerizine have been reported (7). 
Uroliths composed almost entirely of N4 — acetylsulfapyridine were the verj' 
first uroliths to be reported in the literature (2), and concretements consisting of 
an almost pure hydroxysulfonamide were observed in monkeys (12). 

The water-soluble group of products measured by means of the distribution 
method, consists essentially of glucuronides or ethereal sulfates of monohydrox3' 
derivatives of the sulfonamide drugs. That such urinarj' products exist has been 
clearly demonstrated bj' the isolation of products from urine; for example, a 
hydroxysulfapyridine glucuronide has been isolated from dog urine (11), and 
Thorpe and Williams announced the isolation of glucuronides of a hydroxj'sulfa- 
thiazole and of a hydroxj’sulfanilamide (13). Apparentlj’ no metabolic products 
of sulfamerizine, sulfadiazine or sulfapyrazine have yet been isolated. Without 
their isolation and identification it is not possible to draw absolute conclusions 


= It may be recalled at this point that the sulfonamide drugs are more soluble in alkaline 
than in neutral solution because the drugs form relatively soluble salts. This increased 
solubility is governed by the tendency of the drugs to undergo anionic dissociation, but the 
terms "solubility” and “dissociation” are not interchangeable. Different drugs possessing 
the same pK constants may well possess different solubilities, and further, the physiological 
behavior of the ion differs from that of the undissociated drug. 

' For purposes of simplicity only free forms of the drugs— i.e., forms which possess free, 
diazotizable arylamine groups— were considered in the distribution method described 

above. 
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regarding their nature, but it is re'isonable to assume that these drugs are metabo 
Iized m much the ‘?ame manner as the three preceding sulfonamide drugs As 
noted abo\e, products of the A\ater soluble group do not form uroliths Hence, 
each portion of a drug so excreted, reduces the amount of the dnig available for 
urolith formation Con\erseli, any interruption of the chain of metabolic re 
actions nhich yield these products increases the amount of the drug to be ex- 
creted m some other form That interruption of this chain of reactions may lead 
to an increased incidence of urolithiasis was demonstrated by chloroform and 
phosphorus liver damage m the rat (5) Graded damage of the luer reduced 
the urmary output of hydrox-jsulfapjndine glucuromde, and the incidence of 
uroliths w as mcreased from 10 to 25 to 60 per cent More rccentlj , an increased 
mcidence of renal complications was observed in the course of sulfonamide ther- 
apy among patients suffering of liver disease (14) 

SUMMARY 

The unnarj excretion products of a number of sulfonamide drugs have been 
divided, bj means of a dLstnbution method, into a so-called orgamc soluble 
group and a irater soluble group The products within each group hav e been 
considered and their relationsbp to the incidence of sulfonamide urolithiasis 
has been discussed 

Of the “free” sulfonamide (i c , not including acetj! dematives) found m the 
unne, it has been estimated that 40 per cent of the sulfapyndine, 10 to 20 per 
cent of the sulfanilamide, sulfathiazole and sulfamcnzme, and 4 to C per cent of 
the sulfadiazme and sulfapj razme exists in the form of w atcr soluble metabolites 
The diminution of these values parallels the pK values of the heterocjchc sul- 
fonamides 
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Introduction-. Systematic studies of the biological properties of organic 
antimonials have been in progress in these laboratories during the last four years, 
and an account of the e.xcretion of antimony has already been published (Good- 
nun and Page (1, 2)). The aim of the present work has been to determine and to 
record in one place the toxicity, irritancy and tiypanocidal activity of a series of 
the better knonm antimony compounds, and to ensure that this information 
shall have been obtained by recent and reliable experimental methods. Existing 
information leaves much to be desired, since there is lack of uniformity in tech- 
nique and no indication of the variance of results. 


) 


Materials, (a) Tartar emetic and lervalent analogues. 1. Tartar emetic — potassium 
antimonyi” tartrate; (a) Stock crystalline sample, (b) Methyl alcohol precipitated sample. 

2. Sodium antimony’" tartrate: (a) Stock sample (powder), (b) Methyl alcohol pre- 
cipitated sample. 

3. "Anthiomaline” (May and Baker) — lithium antimony’" thiomalate. 

4. Stibophen B.P. — sodium antimony’’’ 6is-pyrocatechol 3 :5-disulphonate (“Fouadin”, 
Bayer). 

5. "Stibsol” — sodium antimony'"-3-catecho! thiosalicylate. 

6. Sodium antimony"’ gluconate. 

(b) Quinquevalenl analogues of tartar emetic. 7. (a) “Solustibosan” (Bayer) — sodium 
antimonyv gluconate (?), (b) Sodium antimony^ gluconate. 

8. Sodium mannitol antimoniate. 

9. Sodium antimony^ tartrate. 

10. Stibophen containing Sbv instead of Sb"’ ("quinquevalent stibophen"). 

(c) Quinquevalent compounds that are derivatives of phenylslibonic acid. 11. "Ncostam'' 
(Wellcome Foundation) — stibamine glucoside. 

12. "Neostibosan" (Bayer) — polymerised dicthylamine p-aminophenylstibonatc. 

13. “Ureastibamine” (Brahmachari)— mixture of ureides of p-aminophenyl stibonic 
acid. 


14. "Stibacetin" — sodium p-acetylaminophenylstibonate. 

For the preparation of samples 1(b), 2(b), 5, 6, 7(b), S, 9 and 10, and for much vaIu.iMe 
advice and co-operation in this work, the author is indebted to Mr. W. Solomon, M.Sc., of 
the Chemical Department, Wellcome Bureau of Scientific Research. 

Sodium antimony’" gluconate, sodium antimonyv tartrate and quinquevalent stibophen 
were included for the investigation of the effect of the valency of antimony upon pharma- 
cological properties. All the materials except potassium antimony’’’ tartrate and stibo- 
phen were amorphous solids. Quinquevalent stibophen prepared by the oxidation of B.P. 
stibophen with hydrogen pero.xide was found to be a very hygroscopic substance and cal- 
culations of dosage used were made from the assayed antimony content of solutions, as.sum- 
ing the formula of the solid to be CuH.OnS.NasSb, 7H:0. Stibsol was prepared according 
to Brown and Austin (3). Samples 1(b) and 2(b) were prepared by heating pota,ssium or 
sodium hydrogen tartrate with a slight excess of antimony trioxide, and filtration and 
precipitation of the product with methyl alcohol. Samples G, 7(b), 8 and 9 ncre prepare 
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by the action of antimony In- or pentaehlonde upon the appropriate organic acid or alco- 
hol, neutralisation and precipitation v>itb mediyl alcohol (4) 

Methods Toxtcity Mice t\eighing 13-19 gm or 20-25 gra were used for the toxicity 
teats Evidence was obtained from preliminaiy trials that, as with arsenic compounds, 
small mice n ere somewhat more resistant to antimony poisoning than larger ones Dosage 
was therefore given m accordance with the suggestion of Durham, Gaddum and Marchal 

(5) , 13-19 gm mice being treated as if they were all of equal weight, and 20-25 gm mice 
being dosed in proportion to bodj weight Injections were made intravenously using 
wherever possible a constant volume of 0 5inl of a freshlj prepared solution in sterile w ater 
per 20 gm mouse In the case of etibophen and sodium antimony^ gluconate, the auto- 
claved solutions prepared for human therapeutics were used Mortality was observed for 
at least 3 dajs and the L D 50 and fiducial limits were calculated by the method of Bliss 

( 6 ) 

Irritant actmty The irritant properties of the substances tested were determined by 
the method of Paget, Trevan and Attwood (7) Solutions of graded concentration were 
prepared in distilled water and quantities of 0 05 ml injected intracufaneouslj into the 
shaven flank of a guinea pig The least concentration which produced a clear local reaction 
during an observation period of 3 dajs was recorded, (minimal necrosing concentration) 
Each substance was tested on at least 2 guinea pigs 

Trypanocidal activity A suspension of Trypanosoma equtperdum in citrate glucose- 
saline, (sodium citrate 0 5%, glucose \% sodium chloride 0 85%) containing 4 000 or- 
ganisms per cu mm was prepared from the heart blood of an infected mouse A senes of 
mice were inoculated intrapcntoneally with the suspension, each mouse receiving 0 5 m! 
(2 X 10* trjpanosomes) The following day a drop of the peripheral blood of each mouse 
was examined microscopically under a cover slip and the small number of mice which did 
not show parasites during the examination of a few microscope fields viewed with the 
i* objective were discarded The infected animals were divided into groups and doses of 
drugs injected subcutaneously, 2 or 3 dose levels differing by the constant factor of \/2 
usually being given One group was kept as a control and did not receive any dose The 
peripheral blood of each mouse was re-exammcd 24 hours later and the proportion of mice 
in each group which were ‘ cleared" of trypanosomes determined The median effective 
dose (R D 50) and the parameters of the dose-effect curve w ere calculated directly from the 
logarithms of the doses and the probite of the percentage responses bj Gaddum’s method 
( 8 ) 

After the second blood examination, the mice were set aside and the number of survivors 
in each group counted daily for a further 5 days The "expectation of life”, limited to a 
possible maximum of 6 days after injection of the drug was then calculated for each group 


[For a group of U mice and an experiment of length n daj s expectation of life is given by 
pj^la + li + Ij + lo-i + J Inj In theexent of all the mice m a group dying before the 


end of the test, the expectation of life is identical with the mean of the survival times of the 


individual mice] 


The expectation of life of the group of infected control mice was similarly determined, 
the value usually being 2-3 days (i e 3-^ dajs after infection) At the end of the test, the 
expectations of life in da> s w ere plotted against the logarithms of the doses and a line fitted 
graphically to the steepest part of the curve The positions of maximum response (6 daj s) 
and zero response (expectation of life of the control group) were marked on the graph and 
the dose corresponding to an expectation of life midway between these two extremes was 
recorded as the ‘ standard eflectixe dose" (S E O ) 

Hotes upon the trypanocidal lest The method described abox e w as designed so that tw o 
recent methods of calculation could be applied to the results and so compared The first 
part of the test which determines the percentage of mice cleared of trjpanosomes in the 
peripheral blood is almost identical with the method devised bj Ilaw king for the a«saj of 
suramin (9) and of organic arsenicals (10) Aninterxal of 24 hours between dosing and ex- 
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animation for clearance was used in the present work as this period corresponded with the 
ina;cimum response obtained from a given dose. When left for 3 days as in Hawking’s 
method, some mice had already relapsed, especially with loiv doses of tervalent compounds. 

The second part of the test is based upon the principle of a method described by Bulbring 
and Burn (11), for the assay of arsenic and antimony compounds, and the results of the 
present work give some idea of the errors to be e.vpected from a test of this kind. In the 
original method the daily numbers of stin-ivors in a group were totalled at the end of the 
e.xperiment and the resulting figure was taken as a measure of the protection afforded by the 
dose. The calculation of e.x-pectations of life is essentially tlie same process and the results 
obtained thereby do not differ greatly from those calculated from the totals. If all the mice 
die before the end of the experiment on the 6th day, both the expectations of life and the 
Bulbring and Burn totals are estimates of the mean of the survival times of the individual 
mice in a group. Expectations of life give values more closely approximating to the true 
mean survival time than do the Biilbring and Burn totals. In such a case the experiment 
takes the form of a true graded response, limited in accuracy bj' the length of the intervals 
at which deaths are observed. If survivors are counted at intervals of 12 hours instead of 
24, the test gains in accuracy but is rather less convenient in use. When, as is generally the 
case with the higher dose levels, some animals are alive at the end of the test, their survival 
times are arbitrarily taken as 6 days, and the response loses its truly graded character. 
Longer observation periods than 6 days are inconvenient, for they are time-consuming, 
there is a greater danger of intercurrent infections and deaths from causes other than trypa- 
nosomiasis, and there is still the difficulty of dealing with a few mice which do not relapse 
(12). The arbitrary completion of the test in 6 days has the effect of “heaping up" the dis- 
tribution of survival times at that point but this is not serious if the dose levels are carefully 
chosen. When expectations of life are plotted against logarithms of the doses, the points 
fall upon a sigmoid curve, and the steepest part of this curve corresponds with an expecta- 
tion of life midway between the zero and maximum possible responses (fig. 1 (b)). The 
dose producing this response (the S.E.D.) has been taken in this work as the best measure of 
the activity of a particular drug for comparative purposes. In cases in which the dose- 
response curves are parallel it is possible to compare the activities of two substances by 
Irwin's “method (c)” (13), the expectations of life being treated as true graded responses. 
Only' the values of the slopes of the curves and the standard effective doses are recorded in 
this paper, however, as there are qualitative as well as quantitative differences in activity 
between the various substances tested. The results given by Irwin’s “method (c)’’ are not 
very' different from the ratios of standard effective doses. 


Results. Toxicity. Tlie L.D. 50 and its limits, and the slope of the regres- 
sion line fitted to the observations upon the toxicity of each compound are listed 
in table 1. The results shotv that the quinquevalent compounds arc on the whole 
less toxic than the tervalent compounds (c/. Brunner (14); Bock (15)), and this 
is particularly eyfident upon comparison of the toxicities of sodium antimony 
tartrate and gluconate and sfibophen with the to.xicities of the corresponding 


quinquevalent compounds. 

The L.D. 50 values found for potassium and sodium antimony'"' tartrates are 
considerably greater than those reported by Fargher and Gray (16) for those 
compounds, and tests upon the stock laboratory samples 1(a) and 2(a) showed 
the potassium salt to be less toxic than the sodium salt. Experience with sodium 
antimony^ gluconate (see below) had shoum that the toxicity of this subshmee 
could be varied by varying the method of preparation, and as the histones of 
samples 1(a) and 2(a) were unknown, comparable samples 1(b) and 2(b) were 
prepared using a method of alcohol precipitation. The resulting materials were 


ORGANIC ANTIMONIALS 


227 


found to have higher antimony contents when assayed by the B P method 
The total antimony contents (see table 5) were slightly higher still, showing 
the presence of a small amount of the qumqucv alent form Samples 1 (b) and 
2(b) vere tested for toxicity on the same day, and were also found to be less toxic 
than Fargher and Gray’s samples, though the potassium salt was this time more 
toxic than the sodium salt The \ arying toxicity shown by samples of potassium 
antimony^" tartrate may explain the divergence of the observations of Rogers 
(17) and Fargher and Gray (16) who found the potassium salt to be more toxic 
than the sodium, and of Brahmacban (18) wlio found the two substances to be 

TABLE 1 


The toziciiy bf some organtc antimony compounds injected intravenously into mice 



sirisTuiCE 

lOtAUVO 
or uiCE 
WED 

h 



% IIUITS 
IP - OSS) 


Tartar emetic (a) 

120 

7 44 

0 41 

m( / 

1 53 

91-110 


w 

80 

6 59 

0 55 

0 93 

89-112 

2 

Sodium antimony^^* tartrate (a) 

60 

9 79 

0 84 

1 14 

90-111 


(b) 

100 

8 2S 

0 59 

1 15 

92 109 

3 

Anthiomaline 

00 

7 12 

1 37 

3 62 

88-113 

4 

Stibopbea 

SO 

3 S3 

0 61 

31 2 

81-123 

6 

Stibaol 

SO 

7 40 

1 66 

1 11 

89-111 

6 

Sodium antimony*^^ gluconate 

70 

C 81 

1 41 

3 44 

89-113 

7 

(a) Solustibosan 

46 

18 0 

5 09 

32 5 

94-106 


(b) Sodium antimony'' gluconate 

80 

0 78 

2 20 

33 0 

93-103 

8 

Sodium mannitol antimomate 

70 

13 0 

2 57 

102 2 

03-107 

9 

Tartar emetic (Sb^) 

GO 

21 5 

4 34 

5 14 

96-l(M 

10 

Stibophen (Sb'') 

70 

6 38 

1 22 

CG 0 

88-113 

11 

7\eostam 

70 

4 09 

0 83 

29 5 

82 122 

12 

"Neoatibosan 

90 

G 50 

1 03 

9 44 

80-112 

13 

Ureastibamme 

120 

1 29 

0 10 

4 26 

G4 157 

14 

Stibacctin 

65 

3 68 

1 17 

5 G5 

82 122 


All mice weighed 20-25 g except those for substances 4 10 11 and 12, these weighed 
13-19 g 


equally toxic Fargher and Gray used * stenlised” solutions for their toxicity 
tests and m case the higher toxicities observed by them might be duo to this, a 
solution of potassium antimonj-”* tartrate 1(b) which had been autocHted was 
compared with a fresh solution The heated solution was slightlj less toxic tlian 
the unheated one, so that the high toxicities reported bj Fargher and Gray re 
mam unexplained \ slight decrease m toxicitj upon autoclaving was also 
noticed with sodium antimonj'^ tartrate and gluconate 
The other I D 50 values show general agreement w ith the variously expressed 
toxicities reported by previous workers The results for urcostibammc and 
stibicetm do not differ grcatlj from those given bj Gray , Trev an, Bainbridge and 
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Attwood (19). though the sample of neostam tested was somewhat less toxic than 
theirs. The figure for ureastibamine also agrees with the findings of Napier (20)’ 
and of Guha, Dutta and Mukerji (21) but the slope of the regression line was so 
shallow that the result has a large variance. The toxicity of the quinquevalent 
mannitol derivative is of the same order as the figure quoted by Chung and Chow 
(22) who state that “white mice can withstand intravenous injections of 0.3 ml. 
of a 50 per cent solution.” This compound had the lowest toxicity of any so far 
tested. The value given for neostibosan agrees nith the result of an experiment 
on a small number of mice recorded by Napier (23). Stibsol, which has been 
recommended by Brown and Austin (24) for the treatment of filarial infections 
in dogs, is very snnilar to tartar emetic in properties. Solustibosan has a toxicity 
identical with that of the sample of sodium antimony'^ gluconate recorded in 
table 1, and this value is similar to the findings of Weese (25). However, it was 
found possible to prepare samples of the gluconate, which although almost equal 
in antimony content, had L.D. 50 values ranging from 19 to 76 mg./20 gm. This 
variation appeared to depend firstly upon a factor intrinsic to the method of 
preparation of the compound, and secondly upon the pH of the injected auto- 
claved solution. Within the pH range of stability of the substance, acid solu- 
tions were very much less toxic than neutral or alkaline solutions. 

It is noticeable that the slopes of the regression lines for the quinquevalent 
analogues of tartar emetic are much steeper than those for the tervalent or the 
) phenylstibonic acid derivatives. Also, with the first type of substance, all 
deaths observed upon intravenous injection took place wthin a few minutes, 
whereas wth the other compounds, death w'as often delayed for 2 or 3 days or 
longer. Experiments upon anaesthetized cats and rabbits showed that the acute 
toxic action of the quinquevalent analogues of tartar emetic was upon the heart, 
and very similar to the effect observed with phenyl stibonic acid derivatives by 
Chopra (26). The delayed toxic activity of the tervalent compounds is due to 
degenerative changes produced in the liver and kidneys (27) (18). 

Irritanl aclivily. Table 2 shows that the differences betw'een the irritant activi- 
ties of the quinquevalent analogues of tartar emetic and the rest are even more 
marked than the toxicity differences. Sodium antimony™ tartrate was slightly, 
but definitely less irritant than the potassium salt. 

Trypanocidal activity. Table 3 and fig. 1 comprise a sample protocol for a 
complete experiment with tartar emetic. Doses were given in this case to cover 
the whole of the dose-response cur\’e. Table 4 shows the results of the tivo meth- 
ods of assessment of trypanocidal activity. The phenyl stibonic acid derivatives 
were less active than the tervalent compounds, and neostibosan and the quin- 
quevalent analogues of tartar emetic were devoid of all activity in single doses. 
Comparison of the two methods of calculation of activity showed that 
tervalent compounds, the R.D. 50 and the S.E.D. were almost identical, ith 
the phenj'l stibonic acid derivatives however, the S.E.D. was a little lower than 
the R D 50 A careful study of the day to day degree of infection of the mice 
treated ivith these compounds showed that the difference was due to over- 
estimation of the R.D. 50 by premature e.xamination for clearance of the blood, 
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but to the less rapid multiplication of the trjT5ano3omes and the consequent pro- 
longation of survn al time Fig 2 shows a comparison betvrcen the dev elopment 
of infection in groups of mice which had the same percentage clearance 24 hours 
after doses of tartar emetic and stibacetm respectively Whereas the mfection 
in the mice treated mth tartar emetic flared up immediately after the first 
restramt, the mfection in the stibacetm treated animals mcreased only slowlj 
These observations arc m accordance vvnth the statement of Uhlenhuth, Kuhn 
and Schmidt (28) that the phenyl sbbonic acid derivatives take 2 or 3 dajs to 
exert their action although tartar emetic is effective in a few hours The reason 
for this difference has been assumed (b} analogy with arsenic compounds), 

TABLE 2 


The acltvi/y o/ organic antimomah upon tntracutaneous injection in the guinea pig 
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++ 
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0 

0 1 
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Sodium antimony^^ tartrate 
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( 

0 2 

3 
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0 




1 0 

4 Stibophen 
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Stibsol 
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0 1 

6 

Sodium antimony^^^ gluconate 
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D 

0 2 

7 

(a) Solustiboaan 
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(b) Sodium antimony'^ gluconate 
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12 5 

8 

Sodium mannitol antimoniatc 
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0 







>100 

9 

Sodium antimony'^ tartrate 
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0 

0 






12 5 

10 

Stibophen 


0 

0 

0 

0 







>50 
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Jieostam 
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D 5 

12 
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0 5 

13 

Ureastibamme 






++ 

+ 

+ 

+ 


0 


14 

Stibacetm 
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mm 


to bo that qumquevalent antimony must be reduced b> the tissues to the ter 
valent form before it can exert any trypanocidal action Evidence presented 
in a prev ions paper (1) proves that reduction can take place in the body 

In table 6 all the results are summarised, expressed as quantities of metallic 
antiraon) The initial rates of excretion of the compounds after mtravenous 
injection into mice of quantities equivalent to 3-4 mg of antimony per kg are 
also recorded Most of these results are taken from a previous paper (1), and 
the rest Inv e been determined bj the same technique 
Discussion Reference to table 5 shows that toxicitj , irritanci and trjpano- 
cidal activity are related to one another but are independent of antimonj 
content There is some correlation between the above properties and the initial 
rate^ of excretion of the compound®, the more rapidly excreted substances being, 
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as would be expected, less toxic and less active than the others. The differences 
in rates of excretion are not great enough to account for all the observed varia- 


, TABLE 3 

Typical protocol showing Ihe method of assessment of the trypanocidal activity of tartar emetic 

by two methods 


HAWONC 

BOLBRINC & BUKK 

Pose 

No. of 

% cleared 

Probit % 

No. of survivors (days after dose) 

Exi>ecta« 

mice 

in 24 hr. 

cleared 

1 

2 

3 

4 

5 

6 

of life 

mg.fZO gm. 


1 








days 

0.0500 

10 

0 


10 

10 

3 

0 



2.8 

0.0707 

20 

0 


20 

■1 

13 

1 

0 


3.2 

0,1000 

20 

20 

4.158 

20 

kB 

15 

6 

2 

2 

3.7 

0.1414 

20 

65 

5.385 

20 

20 

20 

18 

15 

12 

5.5 

0.2000 

20 

95 

6.645 

20 

20 

20 

20 

19 

16 

5.9 


20 

0 


20 

20 

5 

1 

1 

0 

2.9 









Log,o Dose 

Fig. 1 (a) Fitting Reobession Line 

S(Bn) = 28.760; x = T.0936; J = 4.9320; 
b ± ffb = 8.13 ± 1.47; y - 4.932 = 8.13 
(x - 1.0936). K.D. 50 = 0.126 mg.ftO 
gm. 



Fig. 1 (b) Sixipe of Steep Pabt of 
ConvE 
b = 11.8 

S.E.D. > 0.113 mg.l20 gm. 


tions however, and there are certainly other factors which determine toxicity. 
This ’is evident from the variation in toxicity of samples of sodium antimony 

ol th. ..suits of the H.tvkiog and lha Btnbdng a.d Bora 
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TABLE 4 

The trypanocidal activity of some orgaritc antimony compounds when injected subcutaneously 
tnJo mice infected Trypansoma equiperdum 
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TABLE 4 — Concluded 


B&tBfiJJfO and BDBN's JfETlTOD 


SUBSTANCE 

EXPT. 

No. 

of 

mice 

used 

h 

'6 

*D*0 

•se 

R.D.St 

{mg./ 2 C 

Pti.) 

Weighted 

mean, 

R.D.50 

No. 

of 

mice 

used 

b 

Weighted 
mean 6 

S.E.D 

(mg./20 

pn.) 

Weighted 

mean 

S.E.D. 

11. Neostam 

1 




8.86 


4.13 

27 

4.7 

8.02 

4.95 

3.71 






:jrl.36 


±0.30 

50 

5.8 

±I.S8 

3.64 

±0.24 



53 

7.0 

1.81 


3.80 


78 

7.3 


3.47 



4 

30 

7.6 

2.81 


4.88 


40 

5.6 


4.00 



5 

20 

10.2' 

4.09 


4.94 


30 

9.4 


3.76 



6 

20 

18.0 

6.53 


3.61 


20 

14.6 


2.99 



7 

20 

18.6 

6.52 


3.63 


20 

17.0 


3.20 


12. Neostibosan 

No activity in single doses 








13. Ureastibamine 

1 




7.55 


2.21 

40 

5.9 

10.97 

1.82 

1.77 



60 

fl.l 

2.11 

dbl.41 

1.S6 

±0.19 

SO 

12.G 

±1.69 

1.91 

•*-0.07 









57 

10.0 


1.82 



4 

30 

5.3 

2.76 


2.34 


40 

9.9 


1.60 



5 

20 

10.3 

4.48 


2.12 


30 

10.5 


1.36 



6 

20 

11.7 

6.39 


2.97 


30 

19.6 


1.63 



7 

20 

3.4 

3.80 


2.38 


20 

7.2 


1,74 


14. Stibacetin 

1 

28 

9.5 

4.01 

7.79 

6.67 

G.SO 

51 

9.1 

8.49 

3.47 

4.36 


2 

20 

8.6 

4.45 

=bl.41 

8.00 

±0.41 

50 

5.5 

±1.03 

3.72 

t0.71 

1 

3 

39 

5.9 

1.83 


6.52 








4 

20 

10.2 

4.48 


7.56 


20 

8.2 


C.3I 


1 

5 

20 

14.2 

4. 69 


6.97 


40 

11. 0 1 


6.31 



N'ottt; Hawlsins’s method— Mean value ot 6 weighted lor (w » l/ir’). Mean value of n.D,50 weighted (or 
number of mice used in cftcli determination. 

Dtllbring and Burn's method— Mean values of b and of S.E.D. weighted for number of mice used in each deter- 
mination« 


methods for the assay of trypanocidal activity shown in table 4 indicates that 
both methods give reproducible results, and that both have about the same 
variance. The differences between the results obtained by the two methods in 
the case of phenyl stibonic acid derivatives indicate that the methods measure 
different types of activity, and thus show that it is not possible to give a single 
figure to express the ratio of activities of a pair of substances so different in mode 
of action as tartar emetic and stibacetin. 

When substances of similar chemical constitution are being compared, it makes 
little difference which method of assay is used. 

The lack of trypanocidal activity shown by neostibosan and the quinquevalent 
analogues of tartar emetic has been further investigated and will form the subject 
of a future communication. Bulbring and Burn (II) found that a more pro- 
nounced action ivas obtainable with neostam if the drug was injected on 3 con- 
secutive days, and all the substances listed here as inactive in -single doses have 
been found to show acti\aty if a large enough number of doses is given at short 
enough time intervals. 

Although verj' little success has attended the use of antimony compounds in 
the treatment of human trj'panosomiasis, the trj-panocidal test has been exten- 
sively used as a means of selecting substances likely to be of use in other protozoal 
diseases. That this is an unsatisfactory procedure is well shown by the fact that 
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Days after iNPECTioN 

Fio 2 Tub Development of a T egutperdum Infectiov in xnt Blood of Groups op 
Mice Dosed nmtii Tartar Emetic and mitii Stibacltin 
The percentage of mice cleared of trypanosomes m tlie peripheral blood was the same in 
both groups, but the development of the infection was slower in the stibacetin treated mice 

TABLE 5 


The toncily, irritant activity, trypanoctdal acttvtty and initiat rate of excretion of anlmony 
compoiinde in terms of metolUc antimony 


StBStAKCC 

%Sb 

CON. 

TINT 

LO 50 
(WTtA 
VtK J 
(lie Sb/20 
CM ) 

tp 50 

1 (»V»CUT ) 
(MO Sb/20 
, CM) 

iia 

NICIOS* , 
IRC eONC 
(%Sb) 

7c Sb 
ZXeseTES 
IN 1 BOUX 
Anztt 
miAVEK* 

ous Bose 

1 

(b) Tartar emetic 

39 0 

0 363 

0 0519 

0 01 

8 5 

2 

(b) Sodium antimony^*^ tartrate 

39 2 

0 451 

0 0561 

0 08 

13 0 

3 

Antbiomaline 

16 0* 

0 679 

0 0528 

0 16 

9 0 

4 

Stibophen 

13 5 

4 21 

0 0957 

1 7 

18 0 

5 

Stibsol 

29 0 

0 322 

0 0531 

0 03 

10 0 

6 

Sodium antimony^^ gluconate 

32 7 

1 12 

0 lOS 

0 07 

11 0 

7 

Sodium antimon>'^ gluconate 

26 3 1 

8 68 


3 3 

20 0 

8 

Sodium mannitol antimoniate ^ 

23 4 1 

23 9 


>23 4 

26 0 

9 

Sodium antimony'^ tartrate 

27 0 1 

1 39 


3 4 

24 0 

10 

Stibophen (Sb^) 

13 4t 

8 92 


>6 7 

20 0 

11 

Xcostam 

26 0* 

7 67 

1 07 

0 13 

15 0 

12 

Ncostibosan 

42 0* 

3 96 


0 21 

14 0 

13 

Ureastibamme 

40 0* 

1 70 

0 m 

0 08 

IS 0 

14 

Stibacetin 

32 2 

1 S3 

2 19 

0 32 

14 0 


• Manufacturers’ published figures 
t Assuming substance to be CijH 40 i 7 S«Va»Sb, 7 Hj 0 

Most of the figures m the last column are tahen from Goodwin A Page (1) for the in- 
travenous dose of 3-4 mg Sb/hg The rest of the figures were obtained from groups of 
mice also gi\en doses containing 3-4 mg Sb/kg 

the be'it antimontals for the treatment of human leishmaniasib arc inactite 
against Trypanosoma cquipcrdum The tn'panocidal f e^st is useful for tlie routine 
control of samples of the same substance, and rcxeals interesting effects t\hich 
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accompany changes in chemical constitution, but it should not be applied without 
reservation to the selection of drugs for the treatment of other diseases. 

SUMMAKY 

1. A series of tervalent and quinquevalent organic antimonials has been tested 
for toxicity, irritancy and tiypanocidal acthdty, and the results assessed by 
accurate methods. 

2. Trypanocidal activity has been determined by two methods, one depending 
upon the removal of trypanosomes from the peripheral blood, and the other upon 
the survival times of infected mice. Differences have been observed between 
the results in the case of phenyl stibonic acid derivatives. 

3. The properties investigated are shown to be independent of antimony 
content, but to have some correlation with one another and with the initial rate 
of excretion of the antimony. 


The author wishes to thank Dr. J. 0. Irwin for suggesting the use of expecta- 
tions of life in the trypanocidal test; Dr. J. E. Page for the additional polaro- 
graphic determinations of excreted antimony, • and hlr. J. M. Judd lor his 
invaluable assistance throughout the work. 
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The aliphatic amines were first studied extensively by Barger and Dale (1) 
It was found that sympathomimetic activity appeared m compounds with more 
than three carbon atoms Maximum activity was present m the six carbon 
compound and thereafter decreased as the carbon chain was lengthened These 
authors also noted that substitution in the ammo group produced compounds 
of lesser activity 

In recent years some of these aliphatic amines liave been found therapeutically 
useful This study has been conducted on three that have proven of potential 
therapeutic value These are I 2 methjlammo iso-octenc (Octm Bilhuber), 
II 2 methj laraino heptane (EA-1 Bilhuber), III 2 ammo heptane (Tuamine- 
-Lilly) 

Octm IS useful as a smooth muscle spasmolytic especially m ureteral spasm 
(2) and Tuamine has been recommended as a nasal vasoconstnetor (3) 

In a previous report (4) it was shown that Octm on intravenous injection m 
dogs produced a marked pressor response, the blood pressure nsmg rapidly and 
falling slowly On repeated injections the pressor response becomes decreased 
with each subsequent dose (tachyphylaxie) and a preliminary pressure drop 
becomes increasingly apparent until with about the fifth dose no blood pressure 
nse occurs but only a fall It lias been postulated that this depressor effect 
is due to a direct depressant action on the myocardium 

Jackson (5) has described the action of EA-1 m dogs The tachyphylactic 
action and increasing depressor response also occur with this drug 

In this paper the relationship between these amines as to tlieir actions on blood 
pressure in dogs and their toxic effects on rats and frogs has been studied 

pRLSson AND DEPRESSOR ACTION Experimental Methods Large, grossly normal dogs 
were anesthetized with ether Blood pressure was recorded from the carotid artery by 
means of a mercury manometer The drugs were injected into the femoral vein a 1% 
aqueous solution of their w ater soluble salts being used Atropine was administered to the 
animals to paralyse the vagi as tested by electrical stimulation 

The pressor response to single doses of each substance was determined in fuc (logs for 
each drug Then the effect of rapidly repeated doses was determined, waiting between 
doses until the blood pressure had fallen to about the initial level Alternate doses of the 
three drugs were tested in two animals 

Results The depressor and piessor respon‘?o to single 2 mgm per kgm 
doses of the various drugs is given m table 1 It wall be seen that Tuamme 
produces the greatest pre'^sor response and Octm the least The depressor action 
235 
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was most apparent with Octin and least with Tuamine. The duration of action 
was about the same for alt, averaging about forty minutes. 

The results of repeated doses of the drugs are given in table 2. These show 
that all of the compounds e.vhibit decreasing pressor action and increasing de- 
pressor activity. Octin shows the greatest depressor action. 

TABLE 1 


The depressor and pressor action of g mgm. doses of 


OCTIN HCJ 

CA'l 

HCl 

j TUAMINE SULFATE 

Dep* 

Prt 

Dep 

! 

Dep 

Pr. 

14 


0 

mmmm 

0 

150 

12 


28 


10 

120 

0 

1 100 

6 


0 

140 

14 

110 

0 


6 


10 

122 

0 


8 


Av. 10 

123 

7 

132 

5 

138 


* Depressor response in mm. of mercury, 
t Pressor response in mm. of mercury. 


TABLE 2 


Depressor and pressor responses to repeated doses 


PKUO ' 

ANIUAJLS 

aZPEATED POSTS OT 2 UCIT STZ XGU 

1 

1 ” 

1 

1 ^ _ 

1 ^ 

B 

m 

m 

Pr 

mm 

m 

Dep 

m 

1 Dep 

jrr 

Octin HCl 

s 

■ 


45 

64 

57 

32 

67* 

19 

■ 

m 

Range. 

±5 

±39 

±12 

±34 

±5 

1 

±18 

±21 

±17 

±24 

0 

EA-1 HCl 

4 

12 

125 

19 

56 

m 

29 

35* 

10 


■ 

Range. . ] 

±7 

±40 

±15 

±22 

±10 

±20 

±5 

±10 

■ 

■ 

Tuamine sulfate 

3 


143 

10 

62 

20 

52 

t 

fli 

■ 

■ 

Range. 

dz4 , 




±3 

±5 






* Tn’O dogs tested with these doses 
t Animals died. 


By administering 2 mgm. doses of the drugs alternately the results shown 
in table 3 were obtained. These show that the compounds are more or less 
interchangeable in their blood pressure effects. This is most clearly shown in 
Dog 41. 


Toxicirr I Rats. Experimental Methods The LD-50 of these compounds n as de- 
termined by intraperitoneal mjecUon into male white rats neighing from 150 to 2W gms 
To further test the interchangeability mixtures of certain percentages of the LD-50 nere 
tested as to acute toxicity. 
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Results The results of the determination of the LD 50 of these com 
pounds are given m table 4 The symptoms produced by all three substances 
^^erc identical Thej include m the approximate order of appearance, mild 
tremors ^^lth excitement at about eight minutes after injection, severe tremors 
at about ten minutes followed bv severe clonic convulsions vvith tremors beUeen 
spasms A general pilomotor reaction consisting of a bushing out of the hair 
IS usually seen After several convulsive spasms the animal appears depressed 


TABLE 3 

DeprtaiOT and preaaor reaponae to alternate S mgm doses 


DOC 

iKsrovsc 

1 

Tt 


A 

T 

- 


40 

Dep 

2S 

10 

' 40 


20 

40 

60 


Pr 

120 

60 


CO 

50 

30 

40 

41 

Dep 


0 

j 40 

SO 


70 



Pr 


ISO 


70 


0 



' EA 1 hydrochloride 
t Tuaminc sulfate 
tOetm hydrochloride 


TABLE 4 

Determination of LD~S0 tn rots 


Dose 

OCtIV SITAtTtAtC 

oenM 

nyDtOCBlOKIDt 

EA 1 BVDADCBLeilVt 

TUAUXHt SULFATE 

Mfin /itfm 1 

nii/i i4 

rttt/i ti 

tait/itti 

ttltldlti 

180 

5/5 

2/2 

2/2 

2/2 

140 

IS/11 

5/5 



130 

10/5* 

5/5 



120 ! 

10/2 

2/2 

2/2 


SO , 

5/0 

2/2 


5/5 

75 


8/6 

2/2 

2/2 

70 


10/5t 

5/4 

6/4 

60 


5/0 

10/5t 

I0/5S 

50 



5/1 

, 5/0 


• LD 50 corresponding to 61 mgm/kgm of octm base 
t LD 50 corresponding to 51 mgm /kgm of octin base 
t LD 60 corresponding to 47 mgm /kgm EA 1 base 
§ LD 50 corresponding to 42 mgm Agm tuaminc base 

iMth the righting reflex absent Death occurs about fifteen minutes after m 
jection preceded bj a ‘short penod of dcpre'sion v\ ith gasping respiration Death 
is probably due to respiratory failure If the animal survives it gradually be 
comes more active and returns to normal in about one hour 

Octm Bitartrate is less toxic than Octm Hydrochloride nhen calculated as 
the dose of free base administered This difference is probably due to a slower 
diffusion rate of the tartrate salt 

The results of admmistenng mixed doses of thc'^c substances is given in table 
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6. Here again is clearly demonstrated the interchangeability of these com- 
pounds. This is a good example of almost absolute additive synergism. 

II. FnoGs. Experimental Method. Frogs were prepared according to Hincr (6) with a 
glass chamber surrounding the heart. The drugs in various dilutions in Locke’s Solution 
were placed in the chamber and the heart action recorded on a kymograph. 

Results. Little effect on amplitude was noted e.xcept when the rate* fell 
to less than 30% of the initial rate. Then the amplitude rapidly decreased. 


TABLE 5 

Toxicity oj mixed doses 



TABLE G 

Action on rate of frog heart 
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to vuy \vith molecular weight rather tlian molecular configuration The pressor 
action m dogs and the acute toxicity in rats vanes inverselj as the molecular 
weight, while the depressor effect in dogs and m>ocardial depression m frogs 
vanes directly as the molecular weight 
Of interest also is the apparent mterchangeabUitj' of these compounds This 
would suggest that thej' all have the same mode and point of action 
The author wishes to thank the Bilhuber-ICnoll Corporation for supplying 
the Octin and EA-1 for this w ork and also wishes to thank Marguerite Hartlieb 
for technical assistance 
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STUDIES ON SHOCK INDUCED BY HEMORRHAGE 
VIII. THE INACTIVATION OF THE APOENZITVIE OF 
AMINO ACID OXIDASE AND LACTIC 
DEHYDROGENASE IN ANOXIM 
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Received for publication April 10, 1944 

While investigating the destruction of coenzymes in shock induced by hemor- 
rhage and in anoxia we compared the rate of amino and lactic acid o.xidation 
by various excised tissues after preliminary incubation in oxygen or in nitrogen. 
It was found that preliminaiy incubation of the tissue in nitrogen produced a 
marked decrease in its ability to oxidize these substrate.s. Analyses for co- 
zjnnase, the coenzjTne required for the oxidation of lactate, and alloxazine 
adenine dinucleotide, the coenzyme required for amino acid oxidation, showed 
only slight differences between the anoxic and normal tissues. Moreover, addi- 
tion of these coenzymes to anoxic tissue, while producing an increase in the rate 
of oxidation, did not increase it to the nonnal I'alue. 

Evidence is here presented to show that the apoenzyme, or protein part of 
the enzyme, is inactivated under anaerobic conditions and in damaged tissue 
by a heat labile, enzyme like substance. 

Methods. Tissues. Tissues of albino rats and of the common variety of plROon were 
used. 

Slices were made by the method of Deutsch (I ) and homogenate was prepared by snipping 
the tissue with scissors and grinding it with Krebs’ phosphate buffer in a glass homogen- 
izer.= Tissue extriicts contained 1 gram of homogenized tissue in a total volume of 10 cc. 

Enzymes. d-Amino acid ozidase. The .apoenzyme and coenzyme, allo.vnzine adenine 
dinucleotide, were both prepared by the method of Warburg and Chrisli.m (2). 

Lactic dehydrogenase. The apoenzyme was prepared by the method of Green and Bro- 
steaux (3) and cozymase by that of Williamson and Green (4). 

Determination of coenzymes. Tissues in which coenzymes were to be determined 
were heated at 100° for 5 minutes. If they had not been homogenized for the experiment 
preceding the determination they were homogenized after treatment at 100°, then cen- 
trifuged and the supernatant fluid diluted appropriately for use in the analysis. 

-Mloxazine adenine dinucleotide (A,.A..D.) was determined by using the purified apocn- 
zyme of Warburg and Christian, as already described (2). 

Cozymase was determined by the method of Axelrod and Elvehjem (o). The preparation 
of the apozymase used in this analysis has already been described (6). 

Measurements of oxygen uptake were carried out in Warburg manometers at 37°. 


1 The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Vanderbilt University. 

This paper was released for publication April 4, 1944. _ 

» Obtained from Scientific Glass Apparatus Company, Bloomfield, Kew Jersey. 
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Results In table 1 it m ill be seen that anoxia produces a marked decrease 
m the ability of pigeon li\cr homogenate and rat kidnej slices to oxidize dl 
alanine, 1 glutamate and lactate 

To obtain «;ome indcation as to whether the decrease in oxidative ability uas 
caused by destruction of coenzjmes, alloxazinc adenine dinucleotide, cozjmase 
and cocarboxjla«e Mere added to the normal and anoxic tissues (table 2) The 
addition of these coenzjmes although impro\ang the rate of oxidation of the 

TABLE 1 


Comparison of rales of ozidolion of lanous substrates by normal tissues and tissue preiiouslj 
subjected to anoxia 

(Control values i e , values obtained without added substrate subtracted) 


TISSlTE 

TTEICHT 
IN EACH 
VESSEL ' 

COXMtIOV OP 

TISSUE 1 

SCBSTtATE 

OUIA 
TIOV OP 
ZXPEt 
lUENT 

UU* Ol ABSOIBtD IN 
EXCESSOPCOVTBOL VALUE 
(WITHOUT SUBSTBATE) 

Normil 

Anos c 
1 Mue 

% d* 

t«ue 

Pigeoa liver 

333 

Homogenued 

dl alanine 

60 i 

275 , 

130 ! 

53 

Pigeon liver 

333 1 

Homogenized 

dl alanine 

00 

147 i 

104 

29 

Pigeon liver 

3S0 ' 

Homogenized 

dl lactate 

so ' 

374 

127 

66 

Pigeon liver 

400 

Homogenized 

1 glutamate 

60 

16S 

35 

77 

Pigeon liver 

3S4 

Homogenized 

1 glutamate 

IJO 

12S 

30 

77 

Pigeon liver 

506 

Homogenized 

1 glutamate 

so 

250 

62 

76 

Rat kidoey 

187 

: Slices 

dl alanine 

70 

190 

130 

32 

Rat kidnej ' 

187 

Slices 

I glutamate 

CO 

255 

; SO 

1 60 

Pigeon liver 

3H 

Homogenized 

dl lactate 

60 

255 

35 

86 

Pigeon liver 

340 

Homogenized 

1 glutamate 

60 

930 

200 

7S 

Rat kidnej 

150 

1 Slices 

dl alanine 

60 

456 

62 

86 


Ivrebs phosphate buffer nas used m these experiments The final concentration of 
substrate Mas DOS M Total volume 2 cc 

The anoxic tissue was incubated m an atmosphere of nitrogen the normal homogenate id 
air and normal slices m oxj gen for one hour before substrate was added The nitrogen 
was then replaced by air or Oj depending upon whether homogenate or slices were used and 
measurements of Oj uptake were taken 

The duration of the experiment given in the table applies to the time during which Oj 
uptake was measured 

anoMc tissue, did not restore its actuitj to that of the normal These expen 
ments do not conclusivelj disprove that coenzyme destruction is responsible for 
the decreased oxidativ e capaciU m the anoxic tissue since it is possible that the 
coenzj mes did not diffuse readilj into the cell Hovve\er, anal) ‘^es for cozv nusc 
and A AD of normal and anoxic tivs>ues showed onl) 'flight differences although 
large decreases in cozjmase were pioduced on homogenization (table 3) 

The accumulation of intermediate mctibolitc'? niaj furnish an alternative ex 
phuation for the decrea'^e in ammo acid and lactate oxidation b) tissue previ 
ou‘5ly exposed to anoxia 
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To avoid this possibility the effect of tissue extracts on the isolated enzyme 
systems, d-amino aeid oxidase and lactic dehydrogenase was determined (tables 
4 and 5 ). The extracts v ere diluted to such extent that the concentration of any 
metabolites would be greatly leduced compared mth that in the uhole tissue. 

table 2 

Effect of addition of coenzymes on the rate of oxidation of substrates by normal and anoxic 

tissues 

(Control values subtracted) 


TISSUE 

WEIGHT 

EACir 

\£SSEL 

COVDITIOV 
OF TISSUE 

1 

SUBSTRATE 

UVRA- 

TIOSOF 

EXPER* 

lUENT 

COEVZYWES ADDED 

MV 

ABSOS 

EXCF 

cov 

VAl 

Nor* 

mal 

* Oj 

Bed jv 
SS OT 
not 
-i.es 

An 

OXIC 





fttin 




Pigeon H\er 

384 

Horn- 

I-glutamatc 

CO 


128 

30 



ogen- 



A A D 'f 

i 520 

SO 


i 

ized 



i 

\ 


Pigeon liver 

346 

Horn- 

I-glutamate 

' CO 

1 

1 

030 

200 



ogea- 



coearboxylaso i 





ized 


1 

1 

cozj mase, A A D 

730 

310 

Pigeon liver 

346 

Horn- 

dl-lac(ate 

1 

60 } 


210 

S5 



ogen- 


I 

coearboxylaso 





ized 

1 

1 


cozymase, 4 \ D ' 

200 

95 


* A A D = alloxazine adenine dmuclcotidc 
t 1 jng each added 


TABLE 3 


Coenzyme content of normal and anoxic tissues 



1 

VE iV y/CRAW MOIST TJSSl-E 

TISSUE 1 

coEVTijir 

DCTCRU|>EO 

1 At start ^ 

1 

\flcr incubation tn 

1 


Air j Nj 

Pigeon liver 

Pigeon liver j 

Pigeon liver j 

Pigeon lix'er ] 

Pigeon liver 

Pigeon liver 

j Corv nia'^e 
Cozj mase 
Cozynia'c 
Cozj ma'e 

A A D 

A AD 

, 1 

i 1 

' 1050’ 1 

1 

1 

1 

52 lOS 

17b 147 

70 72 

127 110 

51 51 

47 47 


• Heated at 100° before homogenizing. 


Inhibition of both enzxTne systems nas produced by extracts of 

The inhibitor was thermolabilc and non-dial^'zablc (tables 4 an ) re s {/) 

found a similar inhibitor in Udney extracts , . i i 

Destruction by tissue extracts of alloxazinc adenine dinucleot.de has been 
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TABLE 4 

Effect of tissue extracts on the activity of the reconstructed d-amtno acid oudasesystcm 
AU vessels contained 0 2 cc 4 6% dl alanine, 0 1-0 2 cc nlloxazine adenine dinucleotide 
(10-20 y)» phosphate buffer to make the final volume 2 cc 



ini*Oi 

DVZATlQV or 


ABSOIBED 

EXPEtIUEMT 

0 5 cc enzyme 

400 

60 

4- 0 2 cc liver extract 

365 


+ 0 2 cc boiled liver extract 

450 


+ 0 2 cc brain extract 

575 


4* 0 2 cc boiled brain extract 

540 


0 2 cc bram extract 

0 


0 2 cc hver extract 

0 


0 5 cc enzyme 

1 460 

GO 

4* 0 2 cc liver extract 

345 


4- 0 2 Cc supernatant liver extract* 

1 335 


4- 0 2 cc brain extract 

460 


4- 0 2 cc supernatant brain extract* 

475 


0 5 cc enzyme 

1 225 

60 

4- 0 2 cc h\er extract 

155 


4* 0 2 cc brain extract 

255 


+ 0 2 cc kidne> extract 

200 


4- 0 2 cc HCN (M/25) 

275 


4- 0 2 cc liver extract 4- 0 2 cc HCN 

177 


4* 0 2 cc kidney extract + 0 2 cc HCN 

265 


0 5 cc enzyme 

375 

120 

4- 0 icc hver extract 

30S 

1 

4- 0 2 cc kidnej extract 

400 


4- 0 2 cc HCN 

430 


4- 0 2 cc liver extract 4* 0 2 cc HCN 

342 


4* 0 2 cc kidney extract 4- 0 2 cc HCN 

555 


0 5 cc enzyme 

373 

60 

4* 0 2 cc liver extract 

256 


4- 0 2 cc supernatant liver extract* 

268 


4- 0 2 cc muscle extract 

346 


4* 0 2 cc supernatant muscle extract* 

341 


4- 0 2 cc supernatant heart extract* 

357 


0 5 cc enzyme 

3S6 

Go 

4- 0 2 cc dialyzed liver extract 

21G 


4- 0 2 cc dialyzed heart extract 

262 


4- 0 2 cc heart extract 

266 



• Supernatant fluid from centrifuged tissue extract 


reported by Oclioa and Rossiter (S) and of cozjmase by Mann and Quastcl (9) 
and by \on Euler and couorkois (10) In out reconstructed d ammo acid 
oxidate and hctic dchj drogemse systems we added large e\ce'''5es of coenzj mc« 
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However, to prove that destruction of A.A.D. by liver extract was not sufficient 
to account for the decreased rate of oxidation of dl-alanine by d-amino acid 
oxidase, the experiments recorded in table 6 were performed. It will be seen 
that when the coenzyme was incubated with liver extract at 37° for one hour 
after which the inhibitor was destroyed by heat, and enzyme and substrate then 
added, the rate of oxidation was the same as when A.A.D. not treated with liver 

TABLE 5 

Effect of tissue extracts on the activity of lactic dehydrogenase 
(All vessels contained 0 5 cc. M cyanide, 0.1 cc. 0.5% methylene blue, 0.1 cc. coenzyme 
(300r), 0 2 ec. 2M lactate, and M/6 phosphate buffer pH 7.4 to make the total volume 

2cc.) 



irif* Oi 
ABSOkBEO 

DUSATION or 
rXPESIMTNI 

0.5 cc. enzyme ... 

220 

Win. 

85 

-h 0 2 cc. liver extract. 

112 


-f 0 4 cc. liver extract 

67 


-f- 0.2 cc. boiled liver extract 

205 


-f 0.2 cc. brain extract 

174 


-b 0 4 cc. brain extract 

140 


-b 0 2 cc. boiled brain extract 

210 


0 5 CO. enzyme 

235 

90 

-b 0 1 CO. liver extract 

165 


■b 0.2 cc. liver extract 

90 


-b 0.2 cc. dialized liver extract 

140 


-f 0 4 cc. dialized liver 

88 


0 5 cc. enzyme 

160 

■85 

-b 0 1 CO. muscle extract 

135 


-b 0.2 cc. muscle extract 

130 


-b 0 1 cc. heart extract 

142 


-b 0.2 cc. heart extract 

92 


0 5 cc. enzyme 

143 

60 

-b 0 1 cc. brain extract 

100 


-b 0 2 cc. kidney extract 

145 


-b 0.2 cc. heart extract 

83 


-b 0 1 cc pancreas extract 

130 


-b 0.2 cc. pancreas extract 

63 



extract was used. It, therefore, appears that the inhibitory’ effect exerted by 
tissue extracts is exerted on the apoenzyme. . , 

Attempts were made to purify the apoenzyme of d-amino acid oxidase, after 
it had been attacked by the liver inhibitor, by precipitation by means of \ satura- 
tion with ammonium sulphate and acidification to pH 2 8 according to the 
method of Warburg and Christian, but it was found that the inhibitor was also 
precipitated and remained active after this treatment. 
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The inhibition produced bj h\er extract is not abolished by cjanide Cyan 
ide, howeicr, increa-^es the activity of d ammo acid oxidase, perhaps bj com 
bining \\Tth a keto acids formed during the reaction (tables 4 and 5) 

The effect of brain extract on the two enzjme sj stems is different With d 
ammo acid oxidase it produces an acceleration and with lactic dehydrogenase an 
inhibition Exti-acts of other tissues investigated act similarly Mith both en 
Z 3 rme systems 

Liver extract, when added to pigeon liver homogenate, also inhibits the oxida 
tion of lactate and of glutamate (table 7), so the effect is not peculiar to isolated 
enzyme systems 


TABLE 6 


Effect of prdtmtnary tncubalion of A A D lotih Itver extract on rate of oxtdahon ofdl alantne 
by d amtno aetd oxidase 



ini'Ol ABSOUJEP 


Experl 
meat I 

Exper 
mcDt 11^ 

0^ cc liver extract + 0 2 cc A A D m buffer at 37"C for 1 hour, 
heated at 100* cooled and added entyme + dl alanine 

472 

450 

0 2ce A AD m buffer at 37*C for 1 hour heated at 100*, cooled and 
added enz> mo + dl alanine 

467 

455 

0 2cc A AD in buffer at 37*C for 1 hour, heated at 100*, cooled and 
added entyme 4* dl alanine + hver extract 

365 1 

353 


TABLE 7 


Effect of extracts on oxidation of added substrates by ht?er |»8«uc 


SVlST«An { 

UVEB TXTIACT 

1 W Ol ABSOIBKII IH 60 MO 

1 glutamate 


203 

1 glutamate 

0 2 CC 

I 82 

Lactate 


. 250 

Lactate 

0 2 cc 

1 197 


Discussion It lias been found that m excised tissue made anoxic by prehm 
marj incubation in an atmosphere of nitrogen, a decrease m the ability to oxidize 
ammo and lactic acids occurs The inhibition is partially, but not completely, 
overcome by the addition of the coenzymes, cozjTnase, alloxazme adenine 
dmucleotide and cocarboxylasc 

In order to mvestigate further the factor which causes this inhibition in oxida 
tive processes the assumption is made that it is the same as that vv hich occurs m 
damaged tissue and which has been found to inhibit the activ it> of the isolated 
enzyme systems d ammo acid oxidase and lactic dehydrogenase This assump 
tion would seem reasonable m view of the similar enzjTnatic destruction of co- 
carboxylase which occurs in both anoxic and damaged tissues (11) 
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This factor inhibits lactic dehydrogenase and amino acid oxidase by attacking 
the apoenzyme or protein part of the enzjmie system. It is heat labile and non- 
. diab'^zable. It is possibly an enzimie, although it does not belong to the group 
of enzymes which Keilin and Hartree (12) found would inhibit d-amino acid 
oxidase since its effect is not abolished by cyanide. It seems to be liberated 
under anoxic conditions and by tissue damage or to be produced by these condi- 
tions from an inactive precursor. 

We have already .shown that in shock induced by hemorrhage the coenzymes, 
cocarboxylase, cozymase and alloxazine adenine dinucleotide, may be destroyed 
(13, 6). It seems possible that in this condition, and in others where anoxia and 
cellular damage occur, this enzyme like substance which destroys the apo- 
enzymes would come into play, and thus further reduce the ability of the tissue 
to metabolize normally. There is some evidence for destruction of the apo- 
enzyme in shock in the in vitro work of Russell et al. (14) on shocked tissue. 
They found a decreased ability of kidney slices of shocked rats to metabolize 
glucose which was benefittcd but not restored to normal by the addition of 
Kochsafl. On the other hand, IQein (15) has found that thyroid feeding pro- 
duces an increase in activity of the d-amino acid oxidase of rat liver which is 
probablj'' due to an increase in the protein component of the oxidase. 

The factor found in anoxic and damaged tissues probabl}' is not specific for 
d-amino acid oxidase and lactic deh 3 'drogenase but ma^’ attack other apoen- 
( zymes under similar conditions. 
f 

sumtAiir 

1. Tissues which have been made ano.xic show a decreased abilitj' to metab- 
olize lactic and amino acids. 

, 2. This decreased oxidative ability is not due entirely to coonz^'mc destruction 

nor to an anaerobic accumulation of intermediate metabolites which inhibit 
oxidation. 

3. A beat labile, non-dialyzable, enzyme like substance has been found in tissue 
extracts which inhibits lactic and amino acid oxidation. It is assumed that this 
is the same factor which inhibits oxidation in anoxnc tissue. 

4. This enzj-me like substance appears to attack the apoenzyme or protein 
part of the o.vidative enz^une systems. 
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A laboratory method for tlie determination of potency of Jiver extracts intended 
for the treatment of pernicious anemia would be of great value. Numerous un- 
successful attempts have been made to devise such a procedure. Overbeek and 
associates (1, 2) have described a method involving tlie use of explants of bone 
marrow from normal guinea pigs. AVhen these were cultured in a solid medium 
of saline and heparinized plasma, cells, chiefly leucocytes, migrated from the 
explants to form a reasonably clear-cut zone of migration. Little, if any, cell 
division occurred. Addition of an active liver extract in a series of dilutions was 
said to stimulate the migration, not as a general effect, but to give a maximum 
value at one definite dilution for each extract, of the order of 1 : 100. The effect 
■was stated to be duplicated for the same extract at a dilution approximating 
1 : 10,000. An example of the effect is shown in Figure 1 hy the single solid line. 
These ma,ximal migrations will be referred to subsequently as “peak values.” 

A modification of this procedure was utilized by Pace and Fisher (3), who re- 
ported that the method could be used quantitatir-ely. Following the suggestion 
of Overbeek et ah, Pace and Fisher carried out their work in the higher dilution 
range, so that commercial and other extracts containing preservatives might be 
tested. Sodium o.xalate was used as an anti-coagulant in place of heparin, and 
clotting of the plasma was brought about by the addition of Ringer’s solution 
containing calcium. As a result of experiments using these modifications they 
reported that the activity of different extracts could be represented as a linear 
function of the dilution at which peak migration occurred, and presented a graph 
relating this dilution and activity in U.S.P. units. 

An attempt to use the procedure of Pace and Fisher, both as described and 
with a number of modifications, has been made in this laboratory. At the be- 
ginning of the work the details of the procedure were personally discussed with 
Dr. Fisher, to whom thanks arc expressed for extensive assistance. 


Method. Solutions; A. 0.1 M. sodium o.x.nlate; B. Ringer’s solution: 0.152 M. sodium 
chloride, 0.003 M. potassium chloride, 0.002 M. calcium chloride, 0.0009 M. sodium mono- 
hydrogen phosphate, and 0.0001 M. pot.assium dihydrogen phosphate. C. As in B, with 
calcium chloride omitted. 

The following was carried out with sterile technique. Blood was drawn from the ex- 
posed heart of an anacstlietized guinea pig weighing about 250 grams with a syringe con- 
fining 0.1 cc. of sodium oxalate for each cc. of blood. After centrifugation the plasma was 
drawn off and diluted with twice its volume of solution C. 

The femurs were removed, scraped clean, and the bone marrow taken out and cut into 
nieces about 1 mm. in diameter. Five or six of the pieces were put into each dish containing 
0.75 cc. of solution B for the controls or of one of a scries of dilutions of liver extract in solu- 

24S 
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tion B One quarter of a ce of diluted plasma was addeil, well nuvod, and tlie pieces ar- 
ranged m the dish The calcium m the Ringer's solution (B) was sufficient to cause the 
formation of a 6rm clot in fi\e to ten minutes The dishes weie covered with tightlj- 
fitting Itds tv hen set, the cultures were incubated at 37 degrees for 15 liours 

At the end of that time tho dishes were placed m a projector and the outlines of the 
original explant and of the outer limit of the migration area w ere traceil on squared paper 
These areas were estimated, designated Oi and 0* respectively and the relative growth 
(M) found from the relation (Oi — Od/Oi The M v alues for each diah w ere av eraged, and the 
mean divided by the mean of M for all the controls and multiplied by 100 to give the figure 
“P or percental migration coefficient P was plotted against dilution to demonstrate the 
presence or absence of a peak 

About forty tests were carried out u^mg the method evactlv n*! outlined The 
results given m table 1 include only tho^^e obtained vv ith e\tracts vv Inch had been 
clinically tested, all but No 104 were clmicallj active Evtiact'; referred to by 
a number were prepared in this laboratory 


T^BLE I 

Results of Usts by fnetkod of Pace and Pishcr 


KXriACT 

hvatei orxests 

rCAK OBtAlNSD 

Ko irrAC 

OOCBTTUt. 

93 : 

1 

1 



100 

7 

2 

3 

2 

104 

2 


1 

1 

105 1 

3 

1 1 

2 1 


lOQ 

4 

1 ! 

3 


lOS 

1 

i 



Brand A, commercial, 10 

4 

1 

1 

2 

unit ' 





Brand B, commercial, IS 

1 




unit 1 


1 j 




In these first e\pcriments the dilutions used iverc generally within the range 
'vhere a peak miglit be expected, accoiding to the clinical activity of the ex- 
tracts and the relationship given by Pace and Fisher For example, an extract 
containing 10 U S P units pei cc vva» tested m seveial experiments ovei a range 
of dilution from 1 45,000 to 1 150 000 From their curve, these limits would 
correspond to G and 19 units lespccti'ely Accordingly, a peak occurnng any- 
^^herc except at the extremes of the range might be considered as confiimation 
not only of the occuricnce of a response, but also of the quantitative relationship 
ivhjch they describe 

As some cultures migiated to only ^mall extent and the cell concentration 
'las often not dense enough for satisfactoiy projection, the growth in Ringer’s 
solution was compaied with that m gluco^jol, a modified Tyrode’s solution (4) 
Tills closely resembles Rmgei’a solution except for the pra^enco of magnesium 
and glucose The same sample of bone marrow appeared to give slightly denser 
growth m glucosol, which was accordingly sub'.tituled foi the Ringer’s solution 
Subsequent experiments showed no difference tlut might be attubuted to the 
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change in medium. Again only the results obtained with clinically tested 
extracts are presented. 

' Altogether, from thirty-three experiments on e.xtract JOO, an extract of high 
clinical activity, eight peaks were obtained at dilutions equivalent to 3, 11, 14, 
20, 21, 23, 2( and 33 U.S.P. units according to the curve of Pace and Fisher. 
■ In thirteen eases no peak was obtained. Extract 104, an extract shown to be 
' clinically inactive, failed to produce any jicak in thirteen out of twenty experi- 
ments; but peak migration as definite as any obtained with active extracts did 
occur in four cases, at dilutions equivalent to 2, 13, 14 and 18 U.S.P. units, again 
as estimated from the curve of Pace and Fisher. 

The erratic occurrence of a peak was further shown in a set of four experiments 
using extract 100, with which several peaks had been obtained at dilutions ap- 
proximating 1:200,000. Twelve dilutions were used between 1:100,000 and 
1:230,000. Bone marrow from two or thice pigs was cut up, well mixed, and 
thirty pieces selected for each dilution, six in each dish. In each e.xperimcnt 
ten dishes were used as controls. The procedure and solutions used in the four 
experiments were the same, except for the use of diOerent bone marrow. 


TABLE 2 

liesuUs of tesis by modified method 


EXTRACT 

VUMBER or 
TESTS 

i 

1 Pr\K OnTAt'iED 

NO TENK 

DOtBTrtt 

100 (active) 

24 

1 c 


s 

109 (active) 

u 

' 4 

3 

7 

104 (inactive) 

18 

1 ^ 

12 

2 


The mean relative migration (M) for the controls vaiied between c.xpcriments 
from 18 to 24. The P value was found for each dilution, and the four P values 
were averaged to give the value plotted in figure 1 as a double line, each point 
on which represents from 85 to 120 pieces of bone marrow. This figure approxi- 
mates a straight line, with limits of 100 to 125, a variation which is not signifi- 
cant. However, in one of the four experiments a well-defined peak occurred, 
as shown by one single line, on which each point represents the moan of over 
20 pieces of hone mariw. The other single lino represents an experiment in 
which no peak was found. 

Growth of the bone mauow fragments took place even when no liver extract 
was present. Variation in tlie M value of 285 pieces of bone marrow grown in 
seventy-one dishes in glucosol and plasma alone was very marked, the mean for 
the individual pieces being 18 ± G.2, and for groups of pieces in separate dishes 
18 A; 4.5. The mean M value for a single dish in at least four cases was sufficiently 
above the mean of all the dis}ie.s to be considered a peak . 

Several modifications ueie tried in an attempt to reduce the variability of the 
controls. The use of rat bone maiTow, which might be expected to be more 
uniform than that fiom guinea pigs, and of -heterologous plasma (rabbit), a= 
well as the calculation of values representing difference in arca.(02-Oi) or pro- 









130 50 70 ^0 no J30 150 170 ISO 210 230 250 

DILUTION » 10* 

Ha 2 CoMPABiBOV OF P Values Obtained with an Active F^TnAcr (109) and an 
Inactive Extract (104) over a Series of Dilutions 

Except in one senes of experiments on extracts 100 and 104 there was little 
regular deviation o\er a <5erie5of dilutions ranging from 1:100 to 1.300,000 from 
the straight line representing the controls, and it is extremely probable from the 
conditions of those experiments that an apparent parabolic cunc obtained by 
plotting P against dilution for extinct 100 in this particular «!encs as an artefact 
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No such feature occurred with any other active extract tested, or with extract 
100 in subsequent experiments. 

Comparison of extracts 104 and 100, and 104 and 105, vith and without tlic 
content of orgariic solids adjusted to the same level, showed no difference in either 
ease. The addition of folic acid to e.vtract 104 equal to the amount present in 
exTract 105 caused no stimulation of growth. 

Discussion. The occurrence of peak migration of colls from normal guinea 
pig bone marrow in a medium consisting of plasma, saline, and active liver e.x- 
tract; as reported by Overbeek et ah, has also been shoum in our work. For 
this reason it seems that the substitution of oxalate or citrate for heparin as an 
anti-coagulant, an important difference in the methods, does not prevent the 
development of peak migrations. Similarly,- it would appear that the use of a 
higher dilution of liver extract, which they suggested, and at which they reported 
a peak as occurring, has not been responsible for the discrepancy between our 
findings and theirs. 

The results presented here show that similar peaks may be obtained with in- 
active extracts and ^Yith no liver extract added to the medium. The occurrence 
of peak migration does not appear to be specific for active liver extracts, nor is 
the dilution at which it occure quantitatively related to the clinical actirify 
of extracts. The marked variation in the grondh of different pieces of bone 
marrow under the same conditions seems in itself to be sufficient to account for 
the occurrence of peaks, though if only a few tests were performed the presence 
of peaks might be considered as indicative of activity of the liver extract, and the 
erratic nature of their appearance might be overlooked. In addition, the re- 
sponse of normal guinea pig or rat bone marrow cultured in guinea pig, rat, or 
rabbit plasma does not appear to varj’’ to any marked extent with the addition of 
liver e.xtracts, activ’e or inactive, or of folic acid in the quantity present in liver 
extract. This is true both over a series of dilutions and for any one dilution 
within the range of 1 : 100 to 1 :300,000, as long as the number of fragments used 
is sufficient to overcome the effect of the great variation in the marrow itself. 

SO.MSI.AIlY 

Using the method of Pace and Fisher, adapted from that of Overbeek et al., 
we have been unable to confirm their reports that a quantitative or qualitative 
relationship exists between the occurrence of a “peak” migration of cells from 
normal guinea pig bone marrow grown in a medium of saline, plasma, and liver 
extract and the acti%uty of the extracts. Peak migration does not take place 
consistently at any dilution from 1; 100 to 1:300,000 of extracts of known anti- 
pernicious anemia acthuty, but occurs irregularly whether or not any lir er ex- 
tract is present. There is little, if any, added stimulation by purified extracts 
above that taking place in plasma and salt solutions; the graph of growth-con- 
centration appears to be approximately a straight line with zero slope m all rases. 
No difference sufficiently marked to be used as the basis of an assay method 
seems to exist between the response to active and to inactive extracts, or to 
extracts of differing clinical actirdty. No definite relationship has been demon- 
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strated bet\\ een response and anti pernicious anemia activitj , content of organic 
solids, or content of folic acid 

This A\ork ^ras under the superxision of Dr E W McHenry Many of the 
assays u ere earned out bj D P Joel and Miss Grace Tripp To these and other 
members of the staff of the Connaught Laboratories uho contributed to these 
expenmen ts ^\e wish to extend our thanks 
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The first work on sec-butyl ethyl barbituric acid of which published lesulls 
are available was done by Shonie and Moment (1) in 1923 wlio noted the sub- 
cutaneous toxic dose for rabbits to be less than 0.2 gm. per kg. Tabern and 
Shelberg (2) gave to this barbiturate an efficiency rating better than the ratings 
of diethyl or of phen 3 ’l ethyl but slightly lower than that of ethjd (1-methyI 
butyl) barbituric acid. These efficiencj’- ratings were based upon the compara- 
tive solubilities of these drugs in fats and in water. Using 100 gm. rats, Shonie, 
Keltch and Swanson (3) studied tlie relative toxicities of a number of barbi- 
turates subcutaneously injected. They found the "M.L.D." for diethyl to be 
400; phenyl ethyl, 240; isoamyl ethyl, 180; n-biityl ethyl, 200; and sec-butj-1 
ethyl, 140 mg. per kg. While these findings give an accurate comparison of the 
toxicities of these drugs in their particular investigation, since they define “the 
M.L.D.” as “that dose which caused the death of all or a majoritj' of the animals 
on that dose,” it is not possible to compare these results with the M.L.D. given 
by other investigators. The first careful investigation of the relative toxicities 
of a number of barbiturates was made by Fitch and Tatum (4). They deter- 
mined the “minimal lethal dose” in rabbits and rats for these barbiturates when 
they were administered either orally or intraperitonealh’. They found theLDjo 
for sec-butyl ethyl barbiturate for rabbits to be 75 mg. and 140 mg. per kg. 
respectively when given intraperitoneally and orall.v. The intraperitoneal LUm 
for rats they found to be 70 mg, per kg. 

Inasmuch as the sodium salt of sec-butyl etln l bai'biturate (butisol sodium) 
is being used in clinical medicine, an investigation on experimental anim.iLs of 
its toxicological and pharmacological actions is due. Experiments were there- 
fore performed in which the effects of sodium sec-butyl ethyl barbiturate (Imtisol 
sodium) were compared with the effects of sodium diethyl barbiturate (barbital 
sodium), sodium phemd ethyl barbitiinate (phcnolbarbital sodium), and sodium 
ethyl (1-methyl butj-i) barbiturate (pentobarbital sodium). The toxicology 
studies were carried out on 50 dogs, 300 rabbits, GOO albino rats and .590 \\hitc 
mice. Five per cent solutions were used in the experiments on dogs and rabbit.s 
and 1 and 2 per cent solutions in rats and mice. In the toxicity studios on dogs 
the injections were slowly made intravenoush’. In the I'abbit.s the drugs v ere 
administered intravenously at a constant rate of 02.5 mg. (1.25 cc.) per minute 
and in albino rats the intravenous injection rate was 8 mg. (0.8 cc.) per minute. 

r This research work was made possible through a grant from the McNeil Laboratories. 
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Sodium phenyl ethyl (Pheno 
barbital sodium) 

Itabbit 

Albino rat 
^Vhlte mouse 

15-24 
no -146 

IS - 23 ' 

1 9 

124 0 1 
21 0 ' 

Intravenous 

Intrapentoneal 

Intrapentoncal 

185 

IDO 

340 

Sodium ethyl (1 methyl butyl) 

Albino rat 

140 

239 

185 0 

Intrapentoneal 

48 

(Pentobarbital sodium) 


112 -139 

124 0 

Intrapentoneal 

75 


White mouse 

16-20 

18 0 

Intrapentoncal 

140 

Sodium diethyl (Barbital so 
dium) 

White mouse 

17 

28 

21 0 

Intrapentoneal 

763 

Sodium ethyl n butyl (Iseonal 
sodium) 

Albino rot 

112 -154 

12G 0 

Intrapentoneal 

197 


The rabbits rats and mice >\ ere di\ ided into batches of 12 to 25 animals each 
The results immediate^ above and belo\\ the LDw included tvoor more 
such batches for each drug studied A sumniai^ of the results is presented m 
table 1 It unll be noted that the mtra\cnous, mtrapentoneal and oral toxic 
doses for sodium sec bub 1 ctln 1 barbiturate are approximatelj the same for the 
albino rat In the rabbit the intraacnous and mtrapentoneal toxic doses arc 
approximately the same whereas the oral LDjo is about biice os high This 
difference m the results on the rat and rabbit ma\ be due to the fact that the 
rabbit s ‘stomach is not empty e\ en though the animal has fasted 48 hours The 
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presence of gastric contents in the stomach would dilute the drug and conse- 
quently delay its absorption, thus decreasing its toxic effect. . 

In the albino rat the intraperitoneal dose which we found necessan’ to kill 
50 per cent of the animals is slightly higher than that found by Fitch and Tatum 
(4). This small difference may be due to the fact that they used the acid whereas 
Me used the sodium salt. In rabbits, however, the difference between our intra- 
peritoneal and oral doses and the doses they cite cannot be attributed to the 
same tiling. It is possible that sizes of the animals used in the two series of 
experiments was the chief faetor. Our animals were small, weighing between 
1.2 and 2.3 kg. and the groups averaged but 1.9 and 1.7 kg. Unfortunately 
the weights of the animals used by Fitch and Tatum are not given. Small 
animals usually tolerate proportionately larger doses of a barbiturate than do 
larger ones. 

Assays were done on samples of sodium scc-butyl ethyl barbiturate, using the 
method outlined in the U.S.P. under pentobarbital sodium. The residuas from 
each of these assaj's contained 92.6 per cent of the sodium salt used. The 
melting points of the residues as well as that of a sample of sec-butyl ethyl 
barbituric acid -were between 165° and 165.5°C. This is somewhat higher than 
that found by Shonie and Moment (1) (155° to 157°C.) but approximately the 
same as that found by Shonie, Keltch and Swanson (2) (164° to 165°C.). 

Our experiments on rats with pentobarbital sodium support the findings of 
Fitch and Tatum (4). Carmichael (5), on the other hand, found the median 
lethal intraperitoneal dose of nembutal to be 110 to 120 mg. per kg. for young 
rats and 85 to 94 mg. per kg. for old rats. Our LDj® for animals averaging 
124 gm. in weight was 75 mg. per kg. and for older animals averaging 185 gm. 
it was 48 mg. per kg. We are unable to account for the discrepancy between 
our results and those of Carmichael. 

Pentobarbital sodium (nembutal) and three other labeled U.S.P. brands of 
pentobarbital sodium "were .studied. With three of the brands’ 66 mg. per kg. 
caused a mortality of approximately 60 per cent in 80 animals injected, whereas 
M’ith a fourth preparation, although labeled U.S.P., the same dose injected into 
31 rats not onl}' caused no deaths but even failed to produce hypnosis in a .single 
instance. One week later these same animals were again injected with the same 
preparation with the same results. Tliree weeks later these animals ivere given 
66 mg. per kg. of pentobarbital sodium (Gane’s) and 66 per cent of them died. 
Two U.S.P. assays %vere done on each of the four pentobarbital sodium prepara- 
tions. In the three efficacious preparations the residue contained 88.0 to 90 
per cent of the pentobarbital sodium used. These residues had melting points 
between 127° and 129°C. M-hich is within the range allowed by the U.S.P . The 
residue of the Uvo assaj-s of the fourth preparation j-ielded 84.0 and 86 per cent 
of the original pentobarbital sodium taken. The melting point of this rasidue 
was 172.5°C. The lack of toxicity of this fourth preparation was therefore 


* These three brands of pentobarbital sodium were supplied to us by .\bbott J^=i6ora- 
tories, Eli Lilly & Company and McNeil Laboratories, whom we wish to thanlL The 
preparation sent to us by the McNeil Laboratories was made by Gane s Chemical Uorl.s. 
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undoubtedly due to its not being of U S P quabtj , although labeled as such 
From this it w oiild seem u isc to assaj all barbiturates before toxicity studies are 
undei taken 

In this studj the cntenon of the duration of action was much the «:amc os 
that used bj Fitch and Tatum (4) The animals Merc checked at the time they 
Mcnt to ‘sleep and again as soon as the> could raise their lieads, sit upright, 
maintain that position ^nd hop or walk about when disturbed The rats and 
mice were counted awake as soon as thc> could right themselves and crawl 
around \s the animals arc still definitclj depressed, the actual periods of the 
barbiturate depression are, of course, much longei tlian the times secured by 


TABLE 2 

Atero^re increase in the duration oj the depressant action of sodium see butyl ethyl barbituric 
acid tnth tnereostng dosage 
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LOia 
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3 



60 


11 



83 
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Dog 
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18 
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68 

9t 
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17 

18 

30 

30 


48 

18 

36 

40 


28 

Albino rat 





14 

30 

40 

2 

27 

62 

40 

53 

3 

33 

10 

60 ! 

70 

4 
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• Four animals failed to respond by hypnosis 

t Three of the twelve animals given this dose did not respond to the drug by hypnosis 


these methods All of the animal'' were watched continuously from the time 
of the injection until the> were checked off as awake Our experimental animals 
lesponded to sodium sec but\l ethyl barbiturate m much the same way as thej 
did to other barbituric acid denv ati\ es The tiuration of action varied w ith the 
animal emploj ed L irge animals appeared to bo more depressed than smaller 
ones of the same species w hen the same dose per kg w is administered Health} 
animals were less depre««ed than ®ick ones and thej were depressed for a shorter 
time Onl} the results of heaUh\ animals arc included m this report Within 
limits the larger the dose the longer the depicssion 

It will be seen from tabic 2 thit dogs arc more su'-ceptible to the drug than 
are either rabbits or rats In 18 dogs 40 per cent of the I Dm caused anaa erage 
depression of o\er seven hours’ duration whereas the same percentage of the 
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LDm caused an a%'erage depression of onl3’ a little over two houre in 48 rabbits 
and 14 rats studied. 

That sodium sec-butjd ethj-l barbiturate is more rapid in action than either 
barbital sodium or phenobarbital sodium but less rapid than pentobarbital 

TABLE 3 

Duration of action and the lime required for the barbiturate to produce hypnosis, intrnperito- 
need infections were made in the mouse and rat. Sixty per cent of the LDn vas used and all 
injections were I per cent solutions except those of diethyl in the mouse which was a S per cent 
solution 


TheinjectioDswereniadeintrai’eiiousIyataconstantspGedin rabbits. In these animala 
a 5 per cent solution was used and the amount injected was 50 per cent of the LDio. The 
sodium salt was used in each case. 
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DtlSATlOS or 
Acno't 




fTTJfl. 


hr. 

[ rsm. 

Mouse j 

84 

Ethj'l (1 . methyl butyl) 

2~1 

2.7 
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204 

Phenyl ethyl f 

11-45 

2t.0 

17 


Albino 
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Habbit 

23 
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45 
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93 
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5-27 
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II 


22.5 

Propyl -met hyl -carbinyl .illyl 

5 


1 

o 


40 

Iso-amyl ethyl 

i 

1 


2 

3S 


* One of the fifteen animals failed to show hypnosis and one required .01 minutes for the 
development of depression which lasted hut one hour and 15 minutes. 

j One animal failed to show depression and 4 of the 15 animals died. The depression 
varied from 4 to 30 hours. 

i Three of the 15 animals failed to show hypnosis. 

J Animals completely depressed at end of injection. 

sodium can be .seen in table 3. In duration of action it bolds a similar relation- 
ship to these official derivatives of barbituric acid. 

Tlic most favorable do.se of sodium sec-butt-l ethyl barbiturate cati.sing hyp- 
no.sis varied in the different specie; ti.=ed. In dogs and rabbits 40 per cent and 
in rats 60 per cent of the LD;o proved to be the most favoralilc do.-es. It e 
determined the minimal bv'imotic do-es (itl.H.D.) for rabbits and dog.s. Me 
used the same criterion a.s that emploj'cd b.v Mcmer, Pratt and Tatum (C), a® 
follows: “The IVI.H.D. i.s that amount of drug in milligram-s per kilogram which 

















SODIUM SEC BUTYL ETHIL BARBITURIC ACID 


259 


caused 50 per cent or more of the animals receiving that dose to lie on their sides 
v\ith head down ” These changes were noted in 83 per cent of the rabbits tested 
when 23 mg per kg weic injected intravenoiislj The calculated therapeutic 

coefficient is therefore - ■ ■ ■ ' “ ^ hgure is shghtlj lower than 

that found hy Werner, Pratt and Tatum (C) for pentobarbital sodium, 4 5, but 

liighcr than that of phcnobarbital sodium which w as found to be ^ =33 

57 

Twelve dogs were given 22 mg per kg of sodium sec butjl cthjl barbiturate 
intravcnouslv Nine of the animals showed hvpnosis lasting from 17 mmutc^ 
to 4 hours and 40 minutes From these results it appears that in the dog the 
calculated thciapeutic coefficient is 3 9 Onl> those animals which received 
large toxic doses of sodium secbut>l cthvl barbiturate appeared to have a 
‘ hangover” the next daj 

In addition to the experiments described above, others were peiformed on 
10 dogs anesthetized with ether In these a solution of sodium see but>l ethyl 
barbiturate was injected intravcnoiisl} Simultaneous records were made of the 
effect of the injection on the respiration the blood piessure and the volume of 
one or more organs The blood pressure was recorded by means of a mercurj 
manometer using heparin m the svstem as the anti coagulant The respirations 
were recoidcd bj means of a large recording tambour connected to a pneumo 
graph placed about tlic thorax of the animal The volume changes of the spleen 
and kidncj or leg were recorded by means of oncometers connected to modified 
Brodic bellows 

Rfspiration Like other barbituric acid denvativ es sodium sec butv 1 ethyl 
barbituiato depicsscs respiration fht degree of depression is dependent upon 
the amount of the drug administered In our non anesthetized animals used 
in btudj ing the toxicity of the preparation 30 to CO per cent of the LD^o would 
decrease both the rate and dcptli of respiration In some instances the rate was 
reduced to one fifth that of tlic control and in some animals a tv pical Cheyne 
Stokes respiration w as observed 

A similar depression of respiration was noted following the intiavenous injcc 
tion of the drug in dogs ancstlictizcd witli cthoi In all of these experiments 
the ether was discontinued before the injection of the drug In the experiment 
illustrated b> figure 1, 30 mg pci kg (30 pei cent of LDw) wcic injected intra 
venouslj at 1 Immcdiatcl> after the injection respirition stopped for 30 
seconds On resumption of bicatliiiig the lespiratoiv rale was 30 per minute 
instead of 48 Large doses rapull} administered caused complete and perma 
nent cessation of respiration although the heart continued to beat foi some 
minutes longei 

CiRcuLVTiON The effect of the dnig on the artonal blood pres^iure is do 
pendent upon the amount of the drug admmistcied and upon the speed of the 
injection If the drug is injected rapidly in large dorses a maikcd fall in blood 
pressure results In some of oiii experiments 30 mg pei kg rapidlv injected 
caused drops in blood pressure of over 100 mm Hg In figure 1 30 mg per 
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Fig. 1. Malk Doc, IO.o Kg. 

KthtT aneslhe.sui. Top record is of respiration in which the down stroke is inspiration and below it the carotid blood pressure 
taken with a mercury manometer. Uottom record, the time in intervals of 30 seconds and zero blood pressure and above it a record 
of chanKCH in the voUime of the spleen. At 1 , between the nrrow-s. 30mtj. per kj;. of sodium seednityl ethvl barbiturate were rapidly 
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kg of sodium sccbut\l ctlnl barbiturate Mere injected rapidlj at 1 The 
artcnal blood pressure dropped from 145 to 38 mm Hg , after Mhich it graduallj 
returned to the control le\el The fall m blood pressure is, as far as ue have 
been able to determine, due to a dilatation of the blood vessels of the skin, 
extremities spleen and other organs Our plethv smographic experiments show 
that if the fall m blood pressure is not too precipitous the spleen, the limb, the 
ear and the kulnej increase in size Figure 2 is a record selected from a senes 
of experiments os being tvpical of the responses of the spleen to slow injections 
of sodium sec butvl ethvl barbiturate At /, 30 mg pei kg of the drug were 
injected intravenoiusU , as a result of which the volume of the spleen increased 
and the blood pressure tomporanlj decreased (135 to 84 mm llg) As said 
before, in other experiments similar responses were observed m the limb, the 
ear and the kidnov 

Inasmuch as these same changes were seen m the limb with its nerve supply 
cut, v\c infer tint the v isodihtation is due to a direct action of the drug on the 
smooth muscle 

If the drop in blood prcssuic is sudden and cxtensiv c, decreases m the v olumcs 
of the limb, kidnej and spleen arc seen (see figure 1) This decrease in size wc 
bcliev e IS a passiv c phenomenon 

Fxcept in the animal used m figure 2 spontancoas premature ventricular 
contractions vicre not encountered m anv of the experiments done on 10 dogs 
This irregulaiit} in this case Ind been present dunng the time the animal was 
under ethei anesthesia before the administration of sodium sec but>l cthjl bar 
biturate and its frcqupnc> wa.s not influenced bv repeated injections of the drug 
Like other barbiturate^ tins one probablj does not change the irntabilitv of the 
heart muscle to anv extent in the doses u«ed 

In two animaK sodium tlnopcntobarbital was injected intravenouslj in small 
doses and in both ruas of premature ventricular conti actions lasting for several 
minutes were produced winch could be made to disappear *;uddcnU bv the 
injection of eithci gbccrvl trimtiatc or cpincplinnc lij drochluride (7) 

Ikifstim The cflects of varying concent ratioas of sodium sec butvl cth>l 
barbiturate on exuded longitudinal segments of rabbit and evt interline were 
also studied These effects wcic compared with those obtained b> the use of 
othci barbiturates on tlic same segments All of the ammaK were killed bv 
cerebral concussion and exsangum ilion Some of the tissues wore used imme 
diatclj after being removed while others wcic kept in a refrigerator in cold 
Locke s solution until needed 

One end of the muscle was fastened to an L shaped glass rod and the other end 
to a muscle lever bj means of bgatines Tlic muscles thu'' suspended, together 
with the L-shaped gUcss rod were placed m a pvrex glass cvhndcr containing 
fieslilv made rjiodet- solution with a pH of 7 8 Two nutscle segments, one 
of duodenum and one of ileum wcie suspended in the simc bath ihe tein 
periturc of the bith was niamtamcd at 38 5®C ±0 2*0 bj surrounding the 
evlinder containing the tissues with a large volume of water (a gla.ss afpi uitim) 
kept in motion bv an eketncallj driven circulator in<l waimed b\ an clcctne 
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heating element controlled bj a thermo rt^ilnt or and rcla\ The bath ^^as 
oxygenated ba a stream either of oxygen or of air bubbling through it Akymo 
graph and chionographic marking key which recorded intervals of thirty ‘seconds 
w ere employ ed 

The drugs were v^elghed and dis<iol\ed in Tyrodo s solution just before each 
experiment Adjustments were made to maintain a constant pH A given 
amount of this solution was added to the bath to make the necessan dilutions 
which ranged from 1 100 000 to 1 2000 After exposure of the mte’^tinal seg 
nients to ‘^odium sccbut^l eth\l barbiturate for two minutes the l^rodos 
solution containing the drug w as drained off, the segments w ashed and immersed 
in fredi Ty rode s solution Upon complete reco\ ery of the tissue from the 
effects of the drug the process was repeated with phenobarbital sodium, pento 
barbital sodium and sodium n butyl ethyl barbiturate One hundred and 
ninety two such experiments were performed on 18 pairs of segments of rabbit 
intestine and 51 experiments were done on 10 pairs of segments of cat intestine 
Within the limits of our experiments phenobarbital sodium appeared to be 
approximately half as depressant and pentobarbital sodium twice os depressant 
as sodium sec butyl etliyl barbiturate Ihis action can be seen m figure 3 
At S phenobarbital sodium was added to the bath making a dilution of J 5 000, 
•xt/f sodium sec butyl ethyl barbiturate 1 12 500, and at ^pentobarbital sodium 
1 25 000 The doprossunt effect of the sodium sec butvl ethyl barbituiatois 
sliglitlv gi cater tlian tliat cau«cd by phenobarbital sodium though less than that 
caused by the more dilute pentobarbital sodium solution Sodium n butyl otliyl 
barbiturate (Neonal) at 5 appears slightly more depressant than sodium «ec 
butyl ethyl baibituratc at G with the same concentration These lelatue differ 
ences appeared in all our experiments 

The effect of sodium sec buty 1 ethy I barbiturate w as also studied on the intact 
intestine Four liealthy, trained non anesthetized dogs weighing between 12 
and 18 kg with Thir\ Yell i loops were employed Of these animals one had a 
duodenal, one a jejunal and the other two had ileal fistulac The changes m 
the general tonus and in the rhythmical contractions were recorded by means of 
a rubbci balloon placed withm the lumen of the gut (8) The balloon was 
connected to a modified Brodie bellows The pressure within the balloon was 
15 cm of water After a normal control record liad been secured the diug was 
injected intrv\ enously in doses of 30 mg per kg or 30 per centof I Twel\ c 
such expouments were peiformcU Marked relaxation of the general tonus of 
the gut w IS noted following each injection as illastrated b\ figure 4 In this 
experiment a dog weighing 18 kg with n Ihiry Vella loop of the jejunum was 
guen mtrvy enously at 1 the Inrbiturate diNSoUcd m distilled water Decreased 
general tonus of tlic gut resulted almost immcdiateh lasting for approximately 
one houi In not a single expeiiment was the decrcisc in the general (onus of 
the gut followed by in increase abo\e that of the control U\el 

Utfius Similar experiments were also performed on segments of excised 
cat labbit and guinea pig uten Two longitudinal segment'- one from each 
horn of the utcius wcic suspcmled as tlie stnp^ eif intestine had been anel the 
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Fifi. 5 ICxtist.i) lA)NciTi;DtVAi. Skcmksts ok lUnniT I’tliii s 
Time ill 30 second intervals. Al tlie arrows sodium sec-biilyl ethyl liarbilurate was 
added to the bath to make a 1:5,000 solution. 

TABLF -I 

Duration oj action of sodium sec-butyl ethyl barbiturate before and after rcmotal of the ltdneyr 


The control readinns were taken three weeks before nepbrectoniy. Fifteen hoiir-s after 
excision of both kidnejs the same dose of the drug was administered as in the control. 
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mcthoiK \\ei(‘ othoiwisc the same except that LockeV .solution was used instead 
of TyiodeV solution Tlie dilutions of the druR varied from I ;2,0fl0 to I : I0,(K)0. 
Those eoncontrations uniformlv caused decreases in hotli the iieiglit of the 
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rhytbmical contractions and the general tonus. In figure 5, at the arro\\-5, 
sodium sec-butyl ethyl barbiturate was added to the bath to make a 1:5,000 
solution. Depression' of both segments was produced immediately. 

Chronic toxicity. For many montlis we gave rabbits and rats respectively 
•10 and GO per cent of LDso cverj* other day for a period of two weeks alternated 
with a rest pciiod of two to throe weeks. Upon examination of these animals 
after death no gross changes in the liver and other organs were ob.served. Young 
animals w ere used and these conlinuwl to gain in weight during the entire period. 

Excretion. Only when large toxic doses of sodium scc-butyl ethyl barbi- 
turate were administered to dogs and rabbits could the drug be detected in the 
urine by the Koppanyi test (9). 

To determine whether or not the drug is eliminated entirely by the kidneys 
experiments were performed in which the duration of action of tlic dnig was 
determined before and after nephrectomy (10). Seven dogs were used in this 
study as seen in table 4. To establish controls each animal was given a certain 
per cent of the LDja per kg three weeks before the kidneys were removed and 
the period of the depression timctl. Fifteen hours after nephrectomy the animals 
were given a similar dose and again the duration of depression noted. It will 
be seen in table 4 that removal of the kidneys produced no significant incrca.so 
in the duration of action of the drug. From these rc.sults it must bo assumed 
that the drug is detoxified or destroyed somewhere in the bodj', probably in 
the liver. 


SUMMARY 

1. The intravenous LDm for sodium scc-butyl ethyl barbiturate for dog.s, 
rabbits and albino rats was found to be 90, 91 and 70 mg. per kg. rc'jpectively. 
The intraperitoneal dose.s for rabbits, albino rats and white mice are 95, 70 to 
70, and 247 rag. per kg. respectively. The oial do.se for rabbits is 194 and for 
rate 78 mg. per kg. 

2. The intravenou-s LDeo for rabbits for phenobarbital sodium is 185 mg. 
per kg. and the intraperitoneal doses for rats and mice are 190 and 340 mg. per 
kg. respectively. 

3. 'Die intraperitoneal LDsn for pentobarbital sodium in rats cighing 1 24 gm. 
is 75 and in those weighing 185 gm. it is 48 mg. per kg. (supporting Fitch and 
Tatum (4) but not Caimichael (5)). In mice it is 140 mg, per kg. 

4. The intraperitoneal LDto for barbital sodium in white mice is 7C3 mg. 
per kg. 

5. The intraperitoneal LDeo for sodium ctliyl n-butyl barbiturate in albino 
rats is 197 mg. per kg. 

0. The duration of action of sodium sec-butyl ethyl barbiturate is dependent 
upon the total amount of the drug injcctetl and upon the size, health and species 
of animal used. Of the animals u-sed in this study it is longest in the dog. 

7 For the three species of animals employed the barbiturates which we studied 
can be arranged in the following order according to their duration.s of action: 
Mouse, (1) pentobarbital sodium; (2) sodium scc-butyl ethyl barbiturate; 
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(3) barbital sodium; (4) phenobarbital sodium. Albino rat, (1) n-ho,\vl ethyl; 
p) ethyl (1 methyl butyl); (3) phenyl ethyl; ethyl n-butyl; sec-butyl ethyl’; 

(4) propyl-ineth.yl-carbinj’’! allyl. Rabbit, (I) ethyl (1-mothyl butyl), j)ropvl“ 
methyl-carbinyl allyl; (2) sec-butyl ethyl; (3) iso-amyl ethyl; (4) idionyl ethyl. 

8. A large dose of sodium sec-butyl ethyl barbiturate rapidly injected intra- 
venously will produce either marked siowdng or even permanent cessation of 
respiration. The heart continues to beat some minutes longer. 

9. Administration of sodium sec-butyl ethyl barbiturate will cause a fall in 
arterial blood pressure. Tlie extent of the fall is dependent upon the amount 
given and the speed of injection or absorption. 

10. If the fall in blood prc.ssure is not extensive it is accompanied by an 
increase in the volume of the spleen, limb, kidney-and car. This r'asodilafor 
action is due to a direct effect of the drug on the vessel wall. 

11. Sodium sec-butyl ethyl barbiturate, as far a.s could be determined, pro- 
duces no change in cardiac rhythm such as is seen in the dog following sodium 
thiopentobarbital . 

12. The excised as n-ell as the intact intestine is depressed by sodium sec- 
butyl ethyl barbiturate. In the excised intestine its depressant effect is some- 
what greater than that of phenobarbital sodium but Jess than that produced by 
pentobarbital sodium. 

13. Excised uterine segments of rabbits, cats and guinea pigs arc depressed 
by this barbiturate. 

14. No gross changes in the liver and other organs were noted after a pro: 
longed series of administrations of the drug with rest intervals between. 

15. No significant difference was found in the duration of action of the drug 
in normal and nephrectomized dogs. It is assumed therefore that the drug is 
destroyed somewhere in the body and partly excreted in the urine only when 
given in excessive doses. 
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There is no doubt that epmephnne is the most generaUj useful of all the 
sympathomimetic amines Improicments in therapy during the 40 jears u^e 
of this group of compounds have come through development of products in 
which some one action, or group of actions, is stronger than that of the parent 
substance, thus permitting a more specialized application A good example is 
amphetarmne (benzedrine) which causes such marked central nervous s\stem 
stimulation as to permit the dmg to be used with little consideration of its 
S} mpathomimetic actions 

A compound wluch appears to us to ha\e possibilities of useful therapeutic 
application is 1*(3,4 dihydroxyphenjl) 2 ammo 1 butanol, which we ha\e de 
scribed in \arious papers under the somewhat misleading name of ethjlnor 
suprarenin In the form of the racemic hjdrocliloride salt, used m this stud\, 
it IS a colorless, odorless crjstallme powder watli a bitter taste It is ^eadll^ 
soluble m water and alcohol and insoluble m ether and benzene It melts with 
decomposition at I98-200'’C 

OH 

HO<^^ ^CHOH CHNHj CII, CH, HCl 

In animals this drug does not cause the sharp pressor effects of epmephnne 
but rather decreases the diastolic pressure As a result the mean pressure is 
decreased, the pul«e pressure increased, and the pulse accelerated Aside from 
this, the compound has manj of the actions of epmephnne, and therefore, might 
be used under circumstances where pressor effects would not be beneficial, and 
in doses not limited by the danger of pressor crises This report presents the 
results of certain clinical studies which indicate a dehnile field of usefulne'is for 
this drug 

R1sum6 of experimextal results This compound was originally sjnthc 
sizodinthelaboratoncsofthel G Farbemndustne Hoeclist.rrankfort am Mam, 
and supplied to us by Dr 0 Schaumann, who, howe\er, apparently did not 
publish any data on it In 1933, one of us (T) reported that the compound, in 
dosG'j of 0 3 mgm per kilo intravenously, lowered the mean blood pressure in 
anesthetized cats and accelerated the pulse (1) A year later it was repoitcd 
from this department (2) that the compound dilated rather efTectu ely the bronchi 

I Supported, m part by Therapeutic Reaearcli Grant 437 of the Council on Pharmacy 
and Chemistry American Medical Association, and by grants from the Rockefeller I luid 
Resi arch I- und of St inford University School of Medicine 
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of perfused guinea pig lungs, when previousb' constricted by histamine, barium 
chlonde, or pilocarpine. The dose required for this was much greater than with 
epinephrine, but the degree of relaxation was practical!}’ identical. In intact 
dogs, in which bronchoconstriction was recorded by Jackson’s technic and pro- 
duced by injections of arecoline, 1 mgm. per kilogram of cthylnoreuprarcnin 
relaxed the bronchi in one-half the animals with equivocal results in the re- 
mainder (3). However, the low blood pressure in these dogs was increased by 
the compound instead of the depressor response observed at normal levels. In 
a later paper (4), where the same technic was used with histamine to cause the 
bronchospasm, the drug proved to be n good bronchodilator, although here it 
failed to overcome the lowering of blood prc.ssure. 

In the intact cat the effects on the circulation were quite complex (5). After 
intravenous injection the drug caused a sharp fall of mean arterial prassure with 
acceleration of the heart and relaxation of peripheral vessels. The depro.s.sor 
effect was secondarily enhanced by pooling of blood in the splanchnic region. 
The cardiac output was increased, but, since the mean peripheral resistance was 
decreased, this probably was not accompanied by a corresponding increase in 
cardiac work. In a later paper (G), it was shomi that on repeated injections at 
fihort intervals, pressor effects could be produced, apparently by sensitization of 
(sympathetic vasoconstrictors, However, under ordinary conditions, ctliylnor- 
fsuprarenin was demonstrated to stimulate predominantly both the cholinergic 
and adrenergic vasodilators, and therefore to cause the fall of systemic blood 
pressure primarily by relaxing the blood vessels. It was pointed out that this 
would result in diminishing the load of peripheral resistance, against which the 
heart ordinarily pumps the blood. 

In phenol poisoning in cats, no improvement of the condition of the circulation 
was observed after the administration of ethylnorsuprarenin, at least as far as 
the blood pre.ssure level was concerned, but no measurements of volume flow of 
blood were made (7). In the shock state caused by destruction of the central 
nervous S3'stem, the compound produced little effect, pw^sibly because, with the 
peripheral vessels already well dilated from the loss of vasomotor impul.=c.s, the 
main effects of the drug could not be elicited (8). The compound apparcntl}’ 
had no analeptic power in rats against the narcotic actions of avertin, chloral 
or pentobarbital (9), nor in producing hypcrexcitablc .states in unanesthetized 
rats (11). Rats tolerated 80 mgm. per kilo subcutaneously without fatalities, 
but were killed at the 100 mgm. dose level. With epinephrine, a .similar propor- 
tion were killed by 4 mgm. per kilo, indicating a to.xicity about onc-forlicth 
that of epinephrine. In perfused cat’s legs, when several hundred times the 
dose of ethylnorsuprarenin was injected as is required of epinephrine to produce 
constriction, a constrictor effect could be demonstrated (10). But in .‘'Ueh piep- 
aratioas the vasomotor tonus is low, so that the primary action.s of the former 

arc not elicited. . . , i- 

In summarv, these data showed that ethylnomui)raremn inerea.-ed cardiac 

aclivitv and dilated peripheral vas.<els, therein’ promoting the flow of blood, 
that it effeclivclv relaxed bronchi, and that it lacked demon<trablc excitant 


CLINICAL ACTIONS OP BTHYLKORSTIPRAIIEMN 


271 


actions on the central nervous system These results made it desirable to 
investigate its actions in patients to establish ■whether it had useful effects on 
the circulation and bronchi, and whether these would be accompanied by 16*53 
undesired sympathomimetic reactions than ivith equivalent doses of epinephrine 
This paper descnbes mainly the r^ults of cliiucal tests m patients 
Intravenous fatal dose* The preaiously reported work did not include 
an accurate determination of the fatal doses wherebj a comparison of the acute 
toxicity of the new compound with epinephrine could be obtained Accordmglj , 
white mice were injected rapidlj m the tail \em with 0 5 cc of normal salt 



Fig 1 Percentage Mortalitt in White Mice from Epinephrine (left) and Ethtl- 

NOnsUPR'iRENIN (HIGRT) InJECTCD iNTftAVENODSLT 
(LDw epinephrine 0 9S ± 0 184 and ethylnorsuprarenin 117 ± 1 04 mgm per kg ) 

solution containing the required dose of one of the amines, administered in 
proportion to the bodj weight The epinephrine was the le\o bitartrate, and 
the ethylnorsuprarenin the lacemic hydrochloride, but the doses were calculated 
in terms of the base 

In 45 mice injected at three dose levels of 0 55, I 09 and 2 18 mgm per kg 
the LDfio was 0 98 =h 0 184 mgm per kg for epinephrine For ethylnorsupra 
renui a total of 240 mice were u«ed with results depicted m figure 1 The LDjo 
as calculated from the Winthrop log probit paper, b\ a method being described 
(12), was 117 ± 1 04 mgm per kg Generalizations as to the relative toxicitv 

* We are indebted to Drs T J Becker and L C Miller of the Wmthrop Chemical Com 
pany for the mortality data given here 
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of the two compounds are not justified because of the lack of parallelism of tlie 
dosage-action cunxs sIiomti in figure 1. Nevertheless at the LDm level epi- 
nephrine is 1 19 times as toxic as ethylnorsuprarenin for acute injections. These 
data demonstrate a greatly enhanced margin of safety of ethylnoreuprarenin 
over epinephrine which would permit a much more liberal dosage schedule, if 
this ivere needed. 

CiRCOL.moN. Intravenous injeclions. Thirty individuals were used for in- 
travenous administrations. They were allowed' to rest in bed until the circu- 
lation was constant as judged by repeated measurements of blood pressure and 
pulse rate. Then, 0.5 mgm. was injected intravenously and the measurements 
continued until restored to normal. The average cliangcs are shown graphically' 
in figure 2. The first and most pronounced effect was a sharp rise in jnilsc rate 
from 82 to 110 per minute, followed by a drop in diastolic pressure from 80 mm. 



Intravenouslv \\aTii 0.5 mom. or ETirrLNonsurRAnnNiN 

to 59 mm. and a more slowly developing systolic rise from 131 mm. to 140 mm. 
This resulted in a marked increase in pulse pres‘=ure from the control of 51 mm. 
to 83 mm. It is highly probable that the increased pul.=e rate and pul.se pressure 
together indicated a considerable increase in the cardiac output. The effcct.s 
were rather transient, the greater part of the response being over in 5 minutes 
and practically complete restoration to nonnal coming in about 15 minvUes. 
Epinephrine injected intravenou.sly raised markedly both sy.slolic and dia=tolic 
pressures, in contrast to the relatively small increase in systolic and dccrca.'o in 
diastolic pressures after ethylnorsuprarenin. There was also no slowing of the 
pulse through reflex vagus activation from the latter. 

Six of the patient.? in this .series were hj'perlcnsivcs, but in them the average 
changes coincided, within the limits of error, with the averages of the entire 
series. Hence, there was no indication that they responded differently from 
those with normal circulation. 

Intramuscular injeclions. In 8 patients, intramuscular inject ion.s of 1 mgm. ot 



CLINICAL ACTION*; OI* ETIIYLNORSUTRAREMV 


273 


ethjlnorsuprarenm ^\e^e made, and the same circuhtoi-j observations as for the 
intravenous injections The average results aie shovm m figure 3 The pulse 
rate ro«e from 77 to 91 beats per minute, the change lasting 17 minutes, and 
pos-^iblj longer Tlie systolic pressure changed onlj neghgibl>, there being a 
small drop of 2 mm follow ed bj a nse of 4 from the control values The diastolic 
pressure however, was distmctlj lowered fiom the control of 73 to G3 mm , 



Fxo 3 Average Changes in Blood Pressure and Pulse Rate in 8 Patients Injected 
Intramuscularly with 1 mom of Ethtlnorsuprarenin 



Fig 4 Average Changes in Blood Pressure and Pulse Rate in 6 Patients Injected 
Intramuscularly with 2 mcm of Ethylnorsuprarenin 

without complete rccovei> at the end of 25 minuter v; hen the observ ations w ere 
di'icontmued \gam there were evidences of lowered peripheral resistance and 
increased cardiac output ‘since there was an incieased pube rate accompanied 
bv an increased pulse pressure 

In C patients a do«e of 2 mgra was injected intiamu«cularU , with average 
re'sults shown m figure 4 The '*jatolic pre'=‘*urc dropped about 5 mm , while 
the diastolic dcci eased 10 mm giving a mavamal increa'>e in pulse pressure from 
the control of 40 to oS mm The pulse accelerated at the same time from 79 to 
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89 beats per minute. At the end of 25 minutes, the diastolic pressure and pulse 
lad recovered only slightly, so that the response must have persisted at least 
more than one-half hour. 

Siibciiianeoiis injechon. In one individual an attempt was made to continue 
the observations after a subcutaneous injection of 2 mgm. until complete re- 
covery had occurred. The control blood pressure wa-s 135/78 mm. with a pulse 
of 73 per minute. After the injection, .as shown in figure 5, the pulse pressure 
gradually widened and the pulse rate increased slightly, until the ma.vimum 
effect was present 13 minutes after the injection. At this time, the pulse pres- 
sure was 98 mm., an increase of 41 mm. over the control period. The changes 
persisted until the end of 37 minutes after the injection, when a gradual recovery 



Fic. 5. Cii.\.vcKs IN' Bi.ood PnEssuiiE an'O Pulse Rate i.v a Patie.n't Injected 
Subcutaneously with 2 mgm. of ETHYLSonsurRAiiENiN 

towards normal began. Complete rccovcrj' required at least an hour, demon- 
strating a rather persistent action for an epinephrine-like comjiound. 

Summary of circulatory changes. The striking feature.s of these circulatory 
actions are a faster pul.'=e rate and a moderate decrease of di.astolic pressure, with 
little accompanying change in systolic pressure, c.xcept transiently after intra- 
venous injection. Consideration of fhc.se changc.s and the do.ses used, in com- 
parison with epinephrine, leave? no doubt that cthylnorsuprarcnin pos.s&'ses 
distinctive effects on the circulation, differing both qualitatively and quantita- 
tively from epinephrine. The lack of violent pressor effects would, therefore, 
seem to afford the opportunity of using this drug for selected sympathetic action? 
without the usual limitations of concomitant hypertension. 

Effects in asthma. Ethylnorsuiirarenin wa? u?cd in 47 iiaticnt.s with allerg>' 
in which detailed records could be kept, and in a considerable number of aildi- 
tional patients under less favorable circumstances. The ages of the paUents 
ranged from 3 to 04 yeais, the majority being adults. The clinical condition? 
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\\ere the usual kind in acute allergic states, ranging from status nsthmaticus, 
seasonal asthma and hav fever, to the milder states of specific sensitiv it\ The 
c'lses selected were onlj those whose rcspon«es to epinephrine were preMousl> 
known from the effects of manj previous injections and long obseiwation The 
group of cases was, therefore, not one of random selection, because of the purpose 
of not only determining clinical effectiveness, but also of making a direct com 
panson with epinephnne Relief of the asthma was judged by the objective 
criteria of respiratory rate and depth, comparative length of expiration and 
inspiration, and disappearance of phvsical signs m the chest 

The doses used ranged from 0 2 to 2 0 mgm ethvlnorsuprarenin mjected sub 
cutaneously in the majority of the patients, but intramiiscirlarlj m 7 of them 
The average dose was approximately 0 75 mgm , which was about 50 per cent 
more than was required of epinephnne in the same patients for the same degree 
of relief In 40 per cent of the patients, the degree of relief was the same as 
that from epmephnne , m 37 per cent there was better relief than from the highest 
tolerated doses of epinephnne, and m the remainder (17 per cent) the epinephnne 
gave better relief We interpret these results as indicating that ethvlnorsupra 
renin can produce at least as good relief as cpineplu me, w hen used in appropriate 
doses 

The main differences in the responses were in the side effects In 8 patients, 
epmephnne injections regularly caused precordial pain or discomfort This was 
not experienced by any of the 8 when they were injected with equally effective 
doses of the new compound Nausea and vomiting were an mvanable result of 
epmephnne administration m 7 of the patients but 5 of these tolerated the 
ethvlnorsuprarenin without difficulty, and no other patients experienced nausea 
or vomiting after the latter drug Tremors nervousness and excitement were 
constant occurrences after epinephnne m 21 patients This was seen m only 
15 of them after ethylnorsuprarenm, and, m most of these 15, the intensity of 
these symptoms was less than after epmephnne 

The overall impre&sion of clinical desirabihtv in comparison to epinephnne 
was recorded in 34 patients, taking into account the degree of relief as well as 
the side actions In 4 of the patients in whom epmephnne caused no particular 
side effects, it was preferred to ethylnorsupmenin In 11 there was no clear 
advantage m one drug over the other, while in the remaining 19, the ethylnor 
suprarenm seemed the better because of causing complete or better relief with 
less symptoms than the epinephnne 

These results lead to the conclusion that ethv lnoi”55upraienm is effective m 
treating asthmatic states and that it will cau=e degiees of relief comparable to 
tho<=e of epinephnne when mjected in somewhat higliei doses It produces its 
therapeutic effects without causing as manv and as marked side actions as epi 
nephrine, the relative absence of prccordial pain nausea and vomiting in sus 
ceptible patients being particularlv noteworthy Therefore, ethy Inorsupiarenm 
would seem to be a welcome addition to the thciapeutic armamentarium, hav mg 
a clinical effectivenc s at least a«» good as epinephnne, but being preferable for 
children because of the less -eveic side effects and for adults with cardio 
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vascular disease, or, in general in those who do not satisfactorily tolerate ade- 
quate doses of epinephrine. 


co.vcritrsro.vs 

1. The chemical compound l-(3,4-diIiydroxyphenyl)-2-amino-l -butanol hy- 
drochloride or ethylnoreuprarenin is a sympathomimetic amine, cJoselv resem- 
bling epinephrine in many of its actions. However, it lacks the power to rai'e 
systolic blood pressure like epinephrine, but rather lowers the diastolic pressure 
and increases the pulse rate. Therefore, it causes an increase in pulse pressure, 
and presumablj" in the volume flow of blood, without a proportionate rise in 
cardiac work. 

2. In animals, ethylnoreuprarenin is approximately one-one hundred and twen- 
tieth as toxic as epinephrine for fatal effects intravenously, and docs not cause 
excitation of the central nervous system. 

3. In patients, ethylnorsuprarenin may be injected subcutaneously, intra- 
muscularly or intravenously in doses of from 0.5 to 2.0 mgm., with typical 
effects which appear in from 1 to 5 minutes and persist for from 20 minutes to 
an hour, depending on the dose and route of administration. 

4. It is effective in the relief of acute asthmatic attacks, giving relief equal to 
that of epinephrine in doses about one-half larger. This relief is accompanied 
by fewer and less marked subjectirm side effects, such as precordial pain, nausea 
and vomiting, excitation, etc., than might be experienced by the same subjects 
after equivalent doses of epinephrine. 

5. Accordingly, ethylnorsuprarenin would appear to be useful in the treat- 
ment of asthma, and possibly preferable to epinephrine for those patients in 
whom epinephrine administration is accompanied by undesirable side-actions. 
Further clinical trials appear to be justified along these and other lines. 
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The numerous applications of sulfanilamide and its derivatives to a great 
variety of infections have Jed certain investigators to believe that related aro- 
matic arsenic compounds containing the sulfonamide or substituted sulfonamide 
groups might possibly >deld therapeutically active agents. Only a few phenyl- 
arsonic acids containing the sulfonamido group have been described and com- 
paratively little is known as to the pharmacological effect of such substitution 
on the aromatic group. Gough and King (1) first prepared p-sulfonamido- 
phenylarsonic acid and its oxide, and on subsequent pharmacological study, 
found that the compounds exhibited trypanocidal activity. These favorable 
findings led Oneto and Way (2, 3, 4) to synthesize some N substituted deriva- 
tives of p-sulfonamidophenylarsonic acid; they also prepared the latter compound 
but by a different method. The present communication is essentially a report 
of studies on the toxicity and trj’panocidal activity of the above compound.*!, 
namely, p-sulfonamidophenj'larsonic acid and certain of its deriv’ativas. 

Method. Albino mice weighing approximately 20 grams were used for detennining 
the toxicity and trypanocidal activity of the compound.'. The latter effect wa-s obtained 
by emplojdng T. equiperdum, as well as T. brucci, inoculation.' being made intrapcrilo- 
neally with saline suspensions (0.991 ) of the organisms. The compounds were also injected 
intraperitoneally, the concentration of a given dose being so adjusted that not more than 
1 cc. and not less than 0.25 cc. was used for each animal. In two instances where the com- 
pounds were found inactive by the intraperitoncal route, they acre also administered 
perorally. The obsen-ation period for toxicity was 72 hours. Infected mice were not 
treated until a count showed approximately 100,000 tiypanosome.s per cu. mm. of blood. 

A compound was considered effective if the blood stream was free from organi.'ms for 72 
hours, and curative, if free for 21 day.'. The maximum tolerated dose, M.T.D.; minimum 
effective dose, M.E.D.; and minimum curative dose, M.C.D., were arbitrarily set at the 
dose j'iclding approximately S0% effect, i.e., M.T.D. 15 , etc. 

Results?. The result.' are shown in tables 1 to 3 inclu'ivc. .A» r;in be a'cer- 
tained from table 3, a wide toxicity range was obtained with the dilTerent deriva- 
tives. The toler.Tted do'e varied in the pentavalent arsenic compound' from 
10 mgm./kgm. (p-ar'ono-N-benzencsulfonylpiperidide) to 2.500 mgm./kgm. 
(p-arsono-N-(p-carbo.xyphenyl)benzenesulfonamidc), and from 3 mgm./kgm. 

> Presented before the Division of Medicinal Chemistrj- of The American Chemical 
Society at Cleveland, Ohio, .4pril 0, 1944. 
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(p ar'tcnoso N pheiijlbcnzcnosulfonamide) to 40 mgm /kgm (p arsenoso N (p 
carbo\> phenyl) benzcnesulfonamide monohj drate) for the tnvalcnt don\ ati\ cs 
With p su^fonamldophen^la^«!onlc acid the toxic symptoms sometimes pro 
duced b> penta\ alont a»^enic compounds in mice wore present, that is, persistent 
tremors and gyrations which were apparentU similai to the dancing mice” 


T\BLE 1 

lieiulls on p autfonamtdopl cnjlarsonic acid 


TOWCITV 

1 TiyPANOaOAL ACnviT* 

Dose 

1 Result 

Dose 

Result 

ngm /Ijm 

«f m tt 

rngm /k[m 

evns/no m ci 

2000 

1 8/16 

1000 

2/2 

1900 

1 1/10 

700 

6/8 

1800 

i 1/13 

500 

3/S 

1700 

2/17 

300 

1/5 

1600 

-1/21 

200 

0/4 

1500 

1 1/6 

100 

0/2 

1250 

1 O/I 



M T D « 1900 mgm /tgm | 

1 M C D = 700 mgm /kgm 


Chemotherapeutic Index « ->2 7 


TABI L 2 


Rcaults cn propamidine 


TOXICITV j 

TiyPANOaSAt. ACnVlTV 

Dost 1 

Result 1 

1 Dose 1 

Result 

fflfM /l/n 

<fto/*r/«e «f m « 

m[m fktm 

cutts/no Mfc* 

50 

4/7 

10 

4/4 

40 1 

0/10 1 

7 

5/5 

30 

2/9 1 

5 

9/11 



2* 

0/8 

M T D =40 mgm /kgm 

[ M C D = 5 mgm /k^m 


Chemotherapeutic Indc\ = — =80 

•Fffectivc but not curative 


desciibed b\ riirluh Gough and lung (1) reported that this compound was 
tolerated in doses grcatci than 1500 mgm /kgm and was cuntuc for Ifi dajs 
at 1000 mgm /kgm wo find it tolerated at 1900 mgm /kgm and curatuc for 
21 djijs at 700 mgm /kgm 

^\c find propamidine (4 4'diamidmodiphono\\piopane dihjdrochlondc) \orj 
cfTcctu c in establishing a cure in experimental trj panosoiniasis The compound 
was tolerated at 40 mgm /kgm and ciuativo at 5 mgm /Kgm The results 
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coincide with those reported by Ashley and colleagues (5) although we admin- 
istered the drug intrapentoneally instead of intravenously; Loiirie and Yorke 


table 3 

ToxicUtj and trypanocidal aclirily of p-sulfonamidophenylarsonic acid, its derivatives, and of 
propamidine in mice infected with T. eqxiiperdum 


PENTAVALENT COMPOUNDS 

FORMULA 

M.W, 

As 

M.T.E 

M.C.D.* 

INDEX 

1. p-arsonobenzcneaulfon- 
amide* (p-sulfonamido- 
phenylarsonic acid)... 

C.HsOsNSAs 

187. 0£ 

% 

I 20.66 


■ 

■ 

2.7 

2. p-nrsono-N-dimethylben- 
zcnesulfonamido''. . 

CsH,-OjNSAs 

■ 

24.21 


Inactive 


3. p-arsono-N-(p-carbo\y- 
phenyl) benzcnestil- 
fonamide*> ... 

C„H,jO,NSAs 

n 

18.67 


Inactive' 


4. p-nrsono-N-(p-sulfonam- 
idophenyl) bonzenesul- 
fonamide’’. . . . 

Ci*Hu07NjS*As 

436.27 

17.18 


Inactive' 


5. p-arsono-N-benzencsul- 
fonylpiperidide" 

CiiHieOfiNSAs 

349.22 

21.45 

10 

1 

Inactive 


G. p-nrsono-N-benzenesul- 
fonylmorpholidc' 

CioHuObNSAs. 

351.19 

21.33 


Inactive 

— 

TE&VALtNT COMPOUNDS 

7. p-arsonoso-E-phonylbcu- 
zenesulfonainide*’. 

CkH.sOjNSAs 

323.18 

1 

23. IS 

3 

Inactive 


8. p-arsenoso-N-(p-carbo.\y- 
plionyl) benzencsul- 
fonamide monoliydr.ate*’ 

CijHisObNSAs 

385.19 

19.45 

40 

Inactive 


0. p-arsenosobeiizencsiilfon- 
ylmorpholide® 

Cio^^iiO^NSAs I 

317.18! 

33.62 

4 

Inactive 

. 

10. 4:4'-diamidtnodiphenoxy- 
propane dihydrochloride 
(propamidine) .. 

CnHioOiN, -21101 : 

385.291 

- 

m 

5 

8.0 


“ Oneto, J. F., and Way, E. L., J. Am. Cliem. Soc., 61: 2105, 1939. 

*■ Oneto, J. F., and W.ay, E. L., Ibid., 63: 762, 1941. 

' Way, E. L., and Oneto, J. F., Ibid., 64: 12S7, 1942. 

Effective but not curative at 1000 ingm /kgm. perorally. 

' Inactive 4000 mgm./kgm. perorally. 

' Inactive 3000 mgm./kgm. peror.ally. 

* AH compounds inactive against T. equiperdum were also inactive against T . brucci at 
I the tolerated dose. 

(G) using intraperitoneal administration, reported a tolerated dose of 50 ingra./ 
kgm. and a curative dose of 2.5-5.0 mgm./kgm. 

More complete statistical studies on propamidine and p-sulfonamidophcnyl- 
araonic acid were not made inasmuch as none of the N substituted derivatives 
of the latter compound showed trypanocidal activity. All compounds found 
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inactive against T cqmpcrdum were al'-o inactu e against T hrucet when admm 
istered m single do^es of approximateh one half their rcspectu e tolerated dosage 

AsOjHs 


BrocHEAiORPHOLOGa p Sulfonamidophen\larsonic acid, , repre 

sents a distmctlj diffeient t^pe of an aiomatic arsenic compound wath tr\ 
panocidal properties, the free acid itself, p sulfophen>lar«onic acid, is mac 
ti\e (1) 

Gough and lung (1) ha\e shown that the amide group has an impoitant 
influence m conierting trj panocidallj inactu e carboxjhc and sulfonic acuU of 
aromatic arsenic compounds into substances of marked activitv It follows 
then that in order for an amide oi anj N substituted dematue's of phen>l 
nrsonic acid to be actue, the mtegiitj of the amide group must be maintained 
in the host and the parasite because the h\ pothetical products of amide h\ drol) 
SIS the carbox\ or sulfophenj larsonic acid and its rcspectu e ammo, are virtually 
inactu e Although the actu it\ of the amide compounds is dependent upon the 
mtegntj of the amide linkage, the presence of an amide group does not neccs 
sai ih ensure that a compound w ill be actu e This is apparent from our results , 
none of oui dcruatues were to panocidal These conditions should hold also 
for the amides of the reduced phen\l arsonic acids, i c , ar^me oudes 

Inasmuch as none of oui N substituted sulfonamide dcruatues cxlnbited 
tn panocidal actuit\, one might be tcmpteil to postulate that the compounds 
wcie inactu ated b\ the ludiohsis of the sulfonamido linkage, such a reaction 
occuis readiU iniilro Howevci it appears impiobable that the reaction occurs 
m the host because the high to\icit\ of certain deru alue^ (o g , tolerated dose 
of p arsonobenzenesulfonjlpipendide 10 mgm /kgm , p arvono V dimcthjlben- 
zencsulfonamide, 80 mgm ./kgm etc) cannot be explained on this basis the 
products of IndroHsis of the amidc" p Milfophcnj larsonic acid [tolerated do»e, 
500 mgm /kgm (1) ] and the ic«pectivc amines should not be toxic m the small 
doses that were administered Theiefore, m oi-der foi the substituted sulfon 
amido derl^ atu cs to be toxic in lower do'Cs than p sulfophenj lai'somc acid, the 
entlt^ of the sulfonamido gioup must ha\ebeen maintained m the host 

It IS true that certain compound" weie toleriled m much higher doses than 
p sulfophen> larsonic acid e g tolerated do^es of p arsono N (p carboxj phem 1) 
benzenosulfonamide 2500 mgm /kgm , p areonobenzenp ulfonamide 1900 mgm / 
kgm ihi" can be explained m two waxs cithei the compounds per are 
non toxic to the ho>t or the^ arc ludiohzcd \er\ slouh to hherite the more 
toxic flee sulfo acid (toleiated do^e 500 mgm /kgm ) which can then be rapidly 
eliminated bcfoic a toxic lex cl is leached A\c bclioxe the lattci explanation to 
bo unlikclx bee lasc wo ha\e not encountcreil am leport m the litciatme that 
a "ulfonamido Imkige tin be cltixod t« mo to mcUI a fi*co sulfo acid and an 
amint allhoiigh is we haxc alieadx mdicatetl such a le iction can occui 
In the xoluminoiis lopoits on the cxiretion of «ulf inilaintde and its deiu itues, 
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none of the compounds have been reported to be eliminated as sulfo acids, 
indicating perhaps that no enz 3 'me is present in the body for such function. 

Gough and King (1) have attempted to explain wliy an amide group can 
convert inactive p-arsonophenylcarboxylic and sulfonic acids into trypanocidally 
active compound.s. They attributed the increase in activity to the fact that 
the compounds with an amide group are excreted at a lower rate than their free 
caiboxjdic or sulfonic acids because upon reduction of the amido derivatives 
in the bodj'', they will e.xist in a colloidal state; whereas, those containing the 
free acid grouping will e.xist as crj’stalloids, and therefore, will be eliminated 
more rapidly. We agree that the free acids may exist as cr\'stalloids and bo 
excreted more easily, but we do not think the state of the amido arsine oxides 
is necessarily a colloidal one because arsine oxides are active in such small 
amoimts, and when in solution generally do not precipitate out as readily as 
the very insoluble arsphenamines upon changes in pH; then too, the protective 
colloids in the body will tend to aid in holding the small quantities of arsine 
oxide present in solution. For example, oxophenai-sine hydrochloride (maphar- 
sen) can be 'precipitated with dilute alkali in viiro, onh' from a concentrated solu- 
tion of the drug. Moreover, most investigators believe it acts as a crystalloid 
in vivo, and Roth and Creswell (7) have presented e^'idence that oxophenarsinc 
hydrochloride diffuses more readily and to a much greater degree through gelatin 
than do the semi-colloidal arsphenamines. 

Gough and King (1) have also shorni that the tiA’panocidal acti\dt 3 ’ of their 
substituted amide derivatives decreased with an inciease in the size of the sub- 
stituting alkyl group or with the introduction of more than one alkyl group. 
They explained the diminished therapeutic effects bv saying, ‘‘the intiodiiction 
of weaklj’ positive groups will cause a drift of electrons towards the arsenic atom 
relative to the effect of the unsubstituted amide group, and this will be reflected 
in a diminished ease of reduction of arsonic acids (since the oxygen will be more 
firml.v held) and in a deo'eased tendenev to coordinate with hydiox.vl (since the 
arsenic atom has become more negative with resultant increased difficulty of 
hydrolysis).” It seems rather doubtful that such weaklj' electropositive groups 
are significant in influencing the ease of reduction and hydrolysis. .-According to 
their theoiy electronegative groups should then show trypanocidal activity 
inasmuch as their effects arc opjjosife to that of the elect ropo.siti^’e alkj'l groups; 
we found that p-arsenoso-X-phenylbenzenesulfonamide, which contains the nega- 
tive phenyl group, to be inactive. Eagle, Hogan, Doak, and Steinman (8) have 
reported also that p-arsenoso-X-phenylbenzamide is much less active than 
p-arsenosobenzamide as a spirochef.cide. 

The compounds which we investigated represent a good portion of that par- 
ticular type which has been reported, but the possibilities of preparing more 
derivatives are unlimited. We hesitate, therefore, to advance any general rules 
in regards to the effect of substitution on the nitrogen of the sulfonamide group. 
Howevei' the indications seem to be that in vivo alkyl groups increase toxicity 
and decrease trypanocidal activity. In addition, the use of relatively toxic 
amines such as' piperidine, morpholine, and aniline to form their respective 
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nmides produces the more toxic denvativ<s On the other hand condensing 

ith p arainobenzoic acid and sulfanilamide results m less to\ic compounds being 
formed There seems to be %er> little relationship between toxicity and total 
arsenic content These \ leii s are substantiated in part by the findings of Eagle, 
et al (8) i\ho found that the treponemicidal actmtj of p arsenosobenzenesulfon 
amide ^as decreased and the toxicitj was increased by N substitution of alkjl 
groups The} also found, hQne\er, that certain alcohol radicals ( — CJH4OH, 
— GH: — CHOH — CHiOH, etc ) and certain other substituents did not materially 
affect the ratio of treponemicidal actmU to toxicit} (tn vilro studies and calcu 
lated on a mole basis), and some increased the ratio slightly 

Further studies are warranted along these lines to abet the search for a new 
therapeutic agent, and to aid m comprehending the biochemorphology of such 
denvativ es 

Ackxow'ledglmexts We arc grateful to Professor G B Roth for his tirael} 
advice and the supply of propamidine to Mr hi T S Probey for the T cqiit 
pcrdiim, to Profe«!Sor J F Oneto for the arsenic compounds, to Professor W D 
Kumler for his opimons, and to Messrs Rollan Swanson and Walter Schiivler 
for their technical assistance 


SUMMARY 

1 The tOMCity of p sulfonaraidophenylarsonic acid, its derivatives and of 
propamidine are reported 

2 The tolerated dose of p sulfonaraidophenylarsonic acid in mice was found 
to bo 1900 mgm /kgm and the curati\e dose 700 mgm /kgm 

3 Propamidine was found to be tolerated at 40 mgm /kgm and curative at 
5 mgm /kgm 

4 None of the N substituted deruatives of p sulfonamidophenylarsomc acid 
showed tr}panocidal acti\it\ 

5 A discussion of the biochemorpholog} of the compounds 1* included 
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SODIUM SULFATHIAZOLE ADMINISTERED SEPA- 
RATELY AND IN COMBINATION^ 

ELIZABETH M. CHANSTON, WILLIAM G. CLARK anp ERNEST A. STRAKOSCH 

From (he Departments of Pharmacology and Zoology of the University of Minnesota, 
Minneapolis, Minnesota and the Department of Dermatology, College of Medicine, 
University of Illinois, Chicago, Illinois 
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The same individual sometimes requires treatment for both syphilis and 
gonorrhea. Since certain drug combinations are frequently used in such cases, 
it is of interest to know whether the antisyphilitic arsenical compounds and the 
antigonorrheal sulfonamides, given in combination, are synergistic, additive, 
antagonistic or without effect on one another as regards toxicity. “Mapharsen” 
(3-amino-4-hydroxyphenylarsine oxide hydrochloride) and sodium sulfathiazole 
(sodium salt of 2-sulfanilamido-thiazole) were selected as commonly used rep- 
resentatives of these two groups ‘of drugs and their separate and combined 
toxicities for mice were studied. 

Methods. Test animals were young male and female mice of Strain A (1) weighing 
between 14 and 20 grams. ^Studies on the separate toxicity of “Mapharsen” and sodium 
sulfathiazole were run in parallel over a period of about one month in groups of 10 or 
20 animals each. The combined toxicity experiments were conducted over a period of 
about six weeks, again in groups of 10 or 20 animals each. Thus the data in the tables 
presented represent a summation of the results obtained from various experiments. The 
W’ork was carried out during the winter months and the animals were kept at room tem- 
perature, about 78°F. 

Sodium sulfathiazole (Merck)’ was administered as a 10 per cent solution in distilled 
water. "Mapharsen" (Parke, Davis and Co.)’ was adninistered as a 0.3 per cent solution 
in distilled water. Solutions of the latter were prepared from ampules of the drug as sup- 
plied for clinical use. Each ampule contained sufficient sodium carbonate to form the 
sodium salt and the entire contents of each ampule were used to prepare the solution in 
order to avoid errors due to any uneven distribution of the components present in dry forrft. 
Both drug solutions were injected not later than 90 minutes after the time of preparation- 
A total of 780 animals was used. Tne LDjo of a single intraperitoneal injection of.sodium 
sulfathiazole was determined on 170 mice and the LDso of a single intraperitoneal injection 
of “Maph.arsen” was determined on 210 mice. To determine the combined toxicity of the 
two drugs, fractions of the previously determined LDso of each were administered intra- 
peritoneally to 370 mice. The sodium sulfathiazole was injected ten minutes prior to the 
injection of “Mapharsen”. The data in the tables below include all deaths occurring 
within one week of injection. Calculations of the LDso were made according to the mi^thod 
of Litchfield and Fertig (2). from dosage-effect curves plotted from probits of the per cent 
mortality and logarithms of the doses. 


; This work was supported by a grant from Parke, Davis and Co., Detroit, Mich. 
’ Generously donated by Merck and Co., Inc., Rahway, N. J. 

’ Generously donated by Parke, Davis and Co., Detroit, Mich. 
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Results The data obtained on the acute toxicitj of “Mapharsen" alone 
are presented in table 1, from uhicb the LDjoof “Mapharsen” nas calculated to 
be 34 0 5 mgm per kgm 

All mice ere kept for 30 da) s A few additional deaths occurred bet^ een 
8 and 29 davs If these A\ere included in the calculations, the LD50 would 
be 30 G mgm per kgm 

TABLE 1 


Data for (he delermtnation of the LDtt of ^'Mapharsen'' iniraperUonealty tn tntcc 


DOSE 

KO MICE 

NO DIED 

MOITAUrV 

AV TIME Of DEATH 

mim /kgn 

15 

10 

0 

0 

A«ur* 

20 

10 

0 

0 


25 

30 


3 3 

144 

30 

30 

8 

2G 6 

74 

32 5 

30 

4 

13 3 

SO 



























TABLE 2 

Data for ike determination of the LD%% of eodtum sulfathiasole tntraperitoneally tn mtee 


DOSE 

NO UCE 

NO DIED 

NOITALirV 

'HB 

fran /l{in 




Aourl 

0 8 

10 

0 

0 ' 


1 0 

10 

0 

0 


1 2 

30 

!> 

30 

35 

1 3 

30 

10 

33 3 

35 

1 4 

30 

20 

66 6 

22 

1 5 

30 

25 1 

83 3 

23 

1 C 

j 30 

29 1 

06 6 

18 


The data obtained on the acute toxiciU of sodium siilfalhiazole alone are pre 
stntcd in table 2, from which the LDm was calculated to be 1 32 db 0 02 grams 
pci kgm 

Intraporitoneal injections of 1 9 per cent •?o<hum carbonate, which is shghtl) 
more than eqinmolecular (I 7 per cent) to a 10 per cent ■solution of sodium 
sulfathiazole with respect to ‘«odiiim, were made in 30 mice in doses corresponding 
to 1 4 giains per kgm of •sodium sulfathi izole There were two deaths m the 
group one in two dajs and one in five da\h That these were alkala<5is deatlis 
seem‘d doubtful The onU other svmptoni of to\icit> m an) of the animals was 
a slight increase m irnt ibilit) within the first 30 minutes following injection 
rhe slopes of the do'^age effect cuiacs dmwn for “Maphirtcn” and «odmm 
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sulfathiazole were similar, the slope constants being 19 ± 1.28 and 20 ± 2.43 
respectively. Accordingly the change in dosage required to alter the response' 
by one probit was 13 per cent for "Mapharsen” and 12 per cent for sodium sulfa- 
thiazole. -Since the slope constants were not significantly different, identical 
fractions of the LD^ of each drug could be used in determining the combined 
toxicities. 

^ The results obtained for “Mapharsen” and sodium sulfathiaaole in combina- 
tion appear in table 3. Calculations from these data showed the LDjoof 
the combination to be 65 per cent rfc 1 .5 per cent of the LDso of each drug alone. 

All mice were kept for 30 days. A few additional deaths occurred between 
8 and 24 days. If these were included the LDso would be 63 per cent of the LDso 
of each drug alone. However, if one includes all deaths within 30 days, then 
the smaller LDm of “Mapharsen” (30.6 mgm. per kgm.) should be used, which 
would theoretically, at least, increase the LDto of the combination. 

TABLE 3 


Data for the delermination of the LDm of plus sodium sulfaikiasoJe 

intraperitoneally in mice 


DOSE AS PEE CENT 0? 
ZJ3te or EACH DRUG 

NO. mcK 

NO. DIED 

MORTAUtY 

AV, TIME or DEATH 




% 

Acurs 

20 

10 

0 

0 



10 , 

0 

0 



00 ' 

4 

6.6 



60 

5 

8.3 


60 

60 

17 

28.3 


70 

60 

, 28 

46.6 


80 

00 

50 

83,3 


90 

30 

30 

too 

13.1 


20 

20 

100 

2.5 


Discussion. In a personal communication the manufacturers (3) give the 
LDso of “Mapharsen” in mice as 20 mgm. per kgm. intravenously and 25.0-27.5 
mgm. per kgm. subcutaneously. The LDso of sodium sulfathiazole for mice 
has been reported to be 1.45 grams per kgm. subcutaneously by Van Dyke, 
et al. (4), 1.32 grains per kgm. subcutaneously by Walker and Van Dyke (5), 
1.95 grams per kgm. “parenterally” by Long, et al. ( 6 ), 0.708 grams per kgm. 
intravenously by Powell and Chen (7), and from 0.845 to 1.244 grams per kgm. 
intravenously, depending upon environmental temperature, by Chen, et al. ( 8 ). 

The toxicity of sodium sulfathiazole intraperitoneally as reported in this paper 
is approximately the same as values reported by others for subcutaneous injec- 
tions, and somewhat lower than the results with intravenous injections. The 
toxicity of “Mapharsen” intraperitoneally as reported here is lower than that 
found bv others ( 3 ) using subcutaneous as well as intravenous injections. 

Although the combination of both drugs was found to be more toxic than 
cither alone (the LD 50 of the combination being 65 per cent of the LDm of each 
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alone), the combined toMCitj A\as not s^nelglstlc since if that had been the case 
the LD^o of the drugs together should ha\ e been less than 50 pei cent of the LDjo 
of each alone The results obtained indicate that the to\ic effects are additi\e 
but are less than algebraic summation 

SUMMARY 

1 Under the e\pei imentnl conditions descnbcd, the LDso of an intrapen- 
toncally administered 0 3% aqueous solution of “Mapharsen” (3*101100 4- 
hjdro\jphen\lai-sme o\ide Indiochlonde, administered ns the sodium salt) in 
j oiing “Strain A” mice, as found to be 34 0 d: 0 5 mgm per kg 

2 The LDso of a 10% aqueous solution of sodium sulfathiazole administered 
•similarlj , i\as found to be 1 32 ± 0 02 grams per kgm 

3 The combined toxicity of “Mapharsen” and sodium sulfathiazole as found 
to be greater than the toxicitj of either drug alone, since the LDso of the combi- 
nation nas G5 per cent of the LDjo of each dnig alone 
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The literature on the treatment of the morphine abstinence syndrome is very 
extensive, and ranges from quantitative studies to purely descriptive discussions. 
Previous reports from this Laboratory (1, 2, 3) hat'c emphasized the necessity 
for: 1) establishment of the fact that a patient has physical dependence prior 
to study or treatment; 2) rigid control over experimental conditions; 3) evalua- 
tion of the intensity of this syndrome in an objectii'e quantitative manner; and 
4) adequate untreated controls. The present communication describes an 
attempt to determine the relationship between the abstinence syndrome inten- 
sity (A.S.I.) and stabilization dose.^ The establishment of such a relationship 
should aid in understanding the fundamental nature of the syndi'ome and should 
facilitate studies of withdrawal treatments. , 

Since 1935, patients admitted to this hospital for treatment of active addiction 
have required progressively smaller stabilization doses of morphine (fig. 1), and 
the more recent abstinence .syndromes have been less severe. Addicts attribute 
this to the fact that opiates are now more difficult to obtain in large quantity 
and that illicit drugs are of poorer quality than formerly. A comparison of the 
data on 65 patients studied in 1935-36 with those of 41 patients under observa- 
tion in 1939-40 showed that the A.S.I. of the latter group was appreciably less 
than that of the former. It has not been possible to correlate this difference 
with age, blood pressure, or any other group difference except dosage. Since 
that time data have been collected on suflRcient additional patients and over a 
dose range 4vide enough to show that the A.S.I. bears a sufficiently close relation 
to dose to be useful. 

Methods. Data on the abstinence syndromes of 587 addict patients studied 
between September 1935 and January 1944 were available for this analysis. 
The presence of valid physical dependence on an opiate had been established in 
each patient. All were studied on a ward devoted exclusively to research on 
drug addiction, under the constant supervision of selected personnel especially 
trained in maintaining rigidly controlled conditions and in the recognition of 
signs of withdrawal. Each patient was stabilized for at least one week on the 
minimal amount of morphine required to prevent signs of abstinence. Following 
withdrawal intensities of the abstinence syndromes were evaluated by the point 

system (table 1). i i i 

Data were retained for analysis on those patients m whom withdrawal liaa 

' Present address: National Institute of Health, Bethesda, Maryland. 

5 By st.al.ilization dose we mean the minimal amount of morplime sulfate per day which 
will prevent signs of abstinenee. 
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STABILIZATION OOSC 
MQM PCR DAY 

400 OR MORE 

3OQ-3S0 

200-290 


100-190 


□ 


YEAR 1933 I93« 1937 -I93B 1939 1940 1941 1942 


Fio 1 Tina Pi or Snows the Steady Dfcunf in Stabilibatjov DosAors Requirfd in 
KraNT IfcAtis A Corrbspondinc Decriasb Has Befv Obsfb\eo 
IN THE A S I 


TAnil I 

Point 3y«fem/or nicRjuna </«€ ali3(i«€ttCF a /ndromc inlc««i/y 6y (I c flay (/)) or by the hour (II) 


ttOHS 


WB 



mom 

HBOII 

mnH 

■^iMIUnR 

1 

1 

1 

1 

I icnmalion 

1 

1 

1 

1 

Rlunorrhea 

1 

1 

1 

1 

Perspiration 

1 

1 ! 

1 

1 

M3<iriani3 

3 

3 

3 

3 

Tremor 

3 

3 

3 

3 

Gooscflesli 

3 

3 

3 

3 

Anorexia 40% decrease in cUotic m 





taVc ' 

3 

3 

1 


Restlcasncss 

5 

5 ! 

5 

5 

Fmcsis (each spell) ' 

5 


5 

5 

Fever (for each 0 1*C rise over mean : 





stabilization level) 

1 


I 

10 

Ilypcrpnoea (for each resp /min over 





stabilization level) 

1 


1 

10 

Iltse in A M systolic B P (for each 





2 ram Hg over mean stabilization ! 





le%el) 1 

1 

15 

1 

10 

Weight loss (for each lb from last 





A M of stabilization) 

* 



i 


Total abstinence 8> ndrome intcn«itj per doj or per hour is the sum of the points scored 
in the (D) or (U) columns respcctivel>,\Mth due attention to the limits 


1 
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been abrupt and comr)IetG; nho were under studj' for at least five days of absti- 
nence; and had served only as controls, as .subjects for substitution .studies of 
similar opiates, or as subjects for studies of nithdraval treatments found to be 
ineffective. The .substituted opiates were: dihydromorphine, desomoiphine, 
heioin, dihydro-hcroin, alpha-isomorphine. The withdrawal ticatments rvcie: 
]rerj5arin, rossium, cupfA-llin, insulin, thiamine, pj’ridoxinc, and p\'rahex 3 'l. 
Phr’.sieal deiJcndence on moi'phinc was icproduccd for e.vpeiimental purposes in 
tncnt.v instancc.s. Observation .showed that these patients were to all intents 
and purposes “stable” on the dosage given. 


TABLE 2 


T\rES OF STUDY 

A 

B 

c 

D 

E 

F 

G 

n 

TOTALS 

Aforphinc only.. . 

4 

7 

0 

1 

4 

2 



27 

SubsUtntions 



i 







II2AI .. 


2 

1 

3 

1 




7 

(leso-M. . 



1 

3 

1 




5 

heroin 



1 

3 

1 




5 

112 licroin 

t 


4 






5 

alph.n-iso M 

1 

1 

3 

3 

1 




9 

H2-!iliilia-iso-iM.. 



2 

2 

3 

1 



8 

Tro.'itments 










Perpariri 

2 


1 

4 

1 




8 

Bossium . 

4 

4 

c 

1 





15 

ICuplijlIni 



1 






1 

insulin 

1 








1 

thi.aniine 



1 


4 




5 

pyridoxine 





2 

1 



3 

pyialiexyl 



1 

1 

1 

4 

1 


8 

Itcadciicfion 






5 

10 

5 

20 

Totals 

13 

14 

31 

21 

19 

13 

11 

5 

127 


The data on 127 patients meeting these crileiia weie then divided into eight 
groups according to daily stabilization dosage. The arbifiarr- grouidngs iverc; 


Group 

A 

B 

C 

D 

E 

F 

G 

It 

The number of patients 


Dose Kiinee 

Averase 

Dose 

{mj morphine) 

morphine) 

100 lo 300 

407 

300 to 3.10 

302 

200 lo 280 

212 

150 lo ISO 

160 

100 to 140 

118 

75 to 90 

SO 

00 

00 

40 

40 


in each group and the studies carried out w ere 


as 


shown in table 2. 
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Theatmevt of dat\ The average A S I per day ^^as determined for each 
group for the first seven da}s of abstinence The plotted points v\ere connected 
by straight lines and the area under each curve was measured with a planimetcr. 
The'se areas were converted into point-dayi* and then became measures of the 
total abstinence syndrome for sev’cn daja This is called T.A S -7. 


TAS -7 



Fio 2 T ^ .J, 

Fointp . • , ’ s r 

Tnr C . • • ■ ■ 

TION TrBATMI NT 

Wlien the TAS-7 vulue^ weie plotted agaui''t dose (fig 2) the points fell 
rathci smoothly indicating a functional iclationship between the twovariables 
This relationship was determined by plotting vaiious simple functions of the 
variables until a lincai plot v\as obtained It was immediately obvious that a 
good fit could not be obtained witli an nlgcbiaic poivnomial unless an excessuo 
number of constants were u^cd 

If a relationship of the form 


1/ - a(l -> 
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IS assumed where y = T.A.S.-7, x = dose, and a and b arc constants to bo deter- 
mined, a plot of In (a - y) against x should be linear. This is indeed the case, 
and by a suitable choice of a it i.s passible to determine b horn the slope of the 
line. In determining b the best line was drawn by inspection, since the data 
did not seem to warrant treatment by least squares. With the constants so 
cliosen tlie function becomes 


y = 260 (1 - 

The .smooth cuirc in fig. 2 is a plot of this equation with the c.vpcrimental values 
shown as open circles. The data 'were also analj'zcd on a mg./kg. basis, the 
jjoints fitting the cur^'e about as well as those shown. 

Discussion. When a mathematical anafysis of biological data is made care 
must be taken to avoid interpreting the results as if they were as c.\act as the 
mathematics emplo 3 'ed, since even the most rigorous treatment can yield results 
onl.y as good as the basic data. This fact was brought out when an attempt 
was made to obtain the T.A.S.-7 dose relationship using a smaller range of 
dosage than that described here. In that case almost equally good fits were 
obtained with equations of quite different character. With the present dosage 
range of over 10 to 1 it was possible to decide with some certainty between the 
various functions. 

It is of importance that there is a comparatively simple relation between the 
T.A.S.-7 and stabilization dose. With such a relation it should be possible to 
predict with some accuracy the anticipated abstinence .syndrome of a group of 
patients withdrawn from a known stabilization dose. This sliould help in 
evaluating withdrawal treatments, the effect of one treatment being shown by 
point “x” in fig. 2, This represents the T.A.S.-7 of a group of nine patients, 
with an average stabilization dose of 176 mg. (range 100-280), that received a 
rapid reduction treatment as described in a previous report (2). Since it is not 
alwaj's po.ssible to obtain a control group with a dosage exactly equal to that of 
the stud,v group, with an established T.A.S.-7 dose relationship it should be 
po.ssiblc to correct for dose differences, and in some cases controls might be 
eliminated. 

The form of the function obtained ha.s several important theoretical implica- 
tions. There is considerable evidence that the process of forming phj'sical 
dependence involves a readjustment of autonomic equilibrium to accommodate 
to the effect of morphine (4). The compeasatory mechanism.s apparently are 
adequate with the result that the autonomic nervous system of a properly 
stabilized addict is nearly in normal balance (5). When the drug is suddenly 
removed unbalanced compensator)’ mechanisms remain and a typical abstinence 
syndrome appears. ‘Wliile individual A.S.I. differences are fairly common on 
the same dosage level, presumably accountable for on the basis of differences in 
autonomic stability from patient to patient, in our experience these tend to 
balance out when grouys of five or more are studied. 

From this viewpoint the T.A.S.-7 is a measure of the total latent autonomic 
imbalance which existed at the start of the withdrawal. If this be true it 
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appears that the total niitonomtc imbalance \mII exceed a definite maximum 
value only bj the amount of indi\ idual x anations since the exponential relation 
found cannot exceed a — 260 for an> xalue of dosage From the form of the 
function it IS exident that doses greatci than about 500 mg mil hhxe little 
additional effect, and experience tends to boar this out 
Tlie \alues of the constants obtained arc of compaiativclj little importance 
and depend upon the units and the exact t>pe of sconng svstem emploxed 
It might appear that the particular scoring sj<5tcm used hcie would automat 
ically produce the t\pe of lelation found, since limits ha\e been placed on 
several of the components of the sjndrome A careful studv of table 1 however 
v\ill show that with the exception of thesvstohe blood pressure nse all signs with 
limits are those not subject to quantitative measurement The limit on points 
for rise in blood piessure is a hheml one, and if exceeded piobablj indicates an 
abnormal cardio v ascular s\ stem Tims, the saturation v alue found is not due 
to a lack of range m the scoring system 

Ihe slope of the curve becomes maximal as zero dosage is approached which 
suggests that relativ elj greater autonomic imbalance is obtained from the small, 
earlj doses At the outset the drug is highU effective m small amounts and 
fimnll increases suffice to offset the antidotivo effect of beginning tolerance and 
dependence, but aa addiction piocecds the added amounts become less effective 
As maximum imbalance is reached the effect of the extra marginal dose becomes 
piacticallj zero and then the addict must become reconciled to a state of maxi 
mum phvsical dependence with an almost complete loss of the satisfaction 
onginallj obtained Histones obtained from addicts, while quite vanablc and 
perhaps unceitain, gcncrallj fit well the course deduced ibovc fiom the shape 
of the 'i 7do«ocur\c 


SOMMVnY 

Data on the abstinence avndrome intensities of 127 moiphine addicts stabilized 
on doses ranging fiom 40 to 500 mg pci day indicate that a functional iclatum 
ship exists between the total abstinence sx ndromc foi sov on daj s (T A S 7) and 
tliL stabilization dose From the foim of this function it appe us that i maxi 
mum T A S 7 would be expected at a dailx dtisc of about 500 mg Ihc the 
ontical implications and a practical application are discu'sscd 
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In spite of numerous investigations on the pharmacologic action of thiamine in 
normal and vitamin deficient animals, /eiv data are recorded dealing with the 
effect of thiamine on the function of the autonomous nerve system. In contrast 
to striking effects obtained with minute amounts of this vitamin in animals sub- 
jected to thiamine deprivation, the earl3' pharmacologic studies of Molitor and 
Sampson (1) demonstrated that the administration of e.vcessive doses of thiamine 
produces no significant changes in animals which had been maintained on ade- 
quate diets. Since the organism normally disposes rapidly of any excess thi- 
amine by excretion through the kidne3's and the intestine, it appears futile to 
follow the pharmacologic effects of repeated administration of large doses of 
tliiamine in normal animals. 

Peripheral neives are well protected against flooding with thiamine by their 
myelin sheaths in which according tov. Muralt (2), the thiamine necessary for the 
functioning of the ncn'cs is mainly localized. Thus, it is hardly to be e.xpected 
that the normal nerve in its entire length and its endings as far as it is protected 
by sheaths is susceptililc to the administration of large doses of thiamine. How- 
ever, it would appear that pharmacologic effects of thiamine are more likely to be 
observed in the less well protected ganglia, in synapses and in analogous receptive 
apparatus (end plates) of the neuro muscular junction in striated muscles. In 
this connection it ma3' be recalled that the quantities of thiamine involved in the 
functioning of peripheral norv^es are rather considerable. Following stimulation 
of motor nerves, v. IMuralt (2) found increases in thiamine amounting to 2 
micrograms per gram of nerve tissue as compared to a simultaneous increa.se of 
0.1 microgram of acetylcholine. Isolated organs, such as the striated muscle 
and the small intestine were considered to offer a better opportunity for observ- 
ing pharmacologic effects of thiamine especiall3' in view of the lack of myelin 
sheaths in these organs and the impaired metabolism under the conditions of the 
experiment. The observations reported in the folloMng are intended as a con- 
tribution to the mode of action of thiamine on the autonomous nerve system. 

Methods. The experiments on the isolated intestine of guinea pigs and rabbits were 
carried out in a manner similar to that used in a previous study with sulfonamides (3). 
Nicotine in the form of nicotine base and thiamine hydrochloride were used in aqueous 
soliilions. The two moieties of the thiamine molecule, l-methyl- 5 -h 3 'droxyethj'lthiazolc 
and 2 -methyl- 5 -cthoxyinethyl- 6 -aminopyrimidine obtained in pure form through the 
eour(e.sy of Dr. W. II. Engels of the Merck Hcscarch bahoratories were tested individually. 

’ Fellow of (ho D.Tzian Foundation for Medical Research. 
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In order to compare the eflj els of thinmino with other vil imins of tiie B group, cNpcnmcnts 
willi nbollivm, iiirotnniiiule, pjndn\inp pmtolhenic nciil niul parv 'uiiinobenzoic ncid 
were included in this btud\ '1 he Addition of thi uiune hydrochloride m nmounts of 20 
mgm to 100 cc of Uingcr decreased the pH of the solution from 7 55 to 7 0 Ihe idditioa 





t t 11 

IM Ti N TgN N 


Fio 1 rFffCT 01 Thiamine on thi \ctiov of Nicotim 
Isolated intpstjtie of the rnhhit N meotmeO 5 mgm perlOQce T| thnniinc 10 mgm 
ptrlOOcc T. thnmine 15 mgm per lOf) rc 


of the other B vit iimns in 110001118 of 10 50 nigin per UK) ct ciustd ( Inuges m the pH of 
the Rtngtr solution Nnrjmg from 7 0 to S5 Howevir, ronlrol expinments with Uingt r 
solutions adjusted to this ringe of pH showed that such changes dul not niter the reaction 
of the intestine to nicotine Other drugs testt din conjunction with ihminineni n epineph 
nn aeet\l choline Icntin and prostigmim 




296 


K, UNJVA AND E, P, PICK 


Results. A Exvcriments on the isolated intestine. Antaaonislie cITect of 
testinc to a subsequent administration of nicotine. On the rabbit’.s in- 








A T N 


T A 



i 1 L_i \ 4 » i_i 


Fia. 2. Effect of Thiavisb ov tub .Actio.v of Njcotinb aud Adbebalik 
Isolated intestine of the rabbit. nicotine 0.5 mgm. per 100 cc. A, adrenalin 0.1 
ingm. per 100 cc. T, thiamine 10 mgm. per 100 cc. 

testinc concentrations of 2 mgm. to 10 mgm. per 100 cc. were sufficient to decrease 
the respon.se to nicotine, and 15 mg. of thiamine per 100 cc. regularly prevented 
the effect of nicotine (fig. i). In these concentrations, thiamine itself had no 
significant effect upon the motility of the rabbit’s intestine. In the guinea pig’s 
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intestine thiamine was equally effective in preventing the effect of nicotine; 
however, thiamine alone lessened somewhat the tone of tlie guinea pigs intestine 
without altering its rhythmic movements. In most experiments the reaction to 
nicotine was tested about 2 minutes after thiamine had been added to the Ringer 
solution. Repeated nicotine tests over a period of 30 minutes following the 
addition of thiamine showed that the intestine failed to respond to nicotine as 



Tig 3. Effcct of Thiamine and Uibofeamn on the Actios uf Xicotinl 
Isolated intestine of the rabbit X, mcotincO li rnKin. per 100 cc. T, thiamine 10 mgni 
per 100 cc It, riboflavin 60 mgm per 100 cc 

long as thiamine was present. Removal of thiamine by changing the batli fluid 
promptly restored the sensitiveness of the intestine to nicotine. 

Cocarl) 0 \ylasc was found as effective as thiamine hydrochloride in antagoniz- 
ing the effect of nicotine on the isolated mtestine. 

When the moieties of the thiamine molecule were tested individually, the sulfur 
free pyrimidine portion failed to influence the nicotine reaction even in concen- 
trations of 100 mg. per 100 cc. On the other hand, with the thiazole moiety in 
concentration uf 15 mgm. to 50 mgm. per 100 cc., a gradually incix'ascd inhibition 
of the nicotine action was obtained. A concentration of 50 mgm. per 100 cc. 
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completely prevented the effect of nicotine, 
TOth 15 mgm. of thiamine per 100 cc. 


a result comparable to that obtained 


■i. 



A A A 

I ! > 

I ' I 

N IN 


* f 

I I 

N Na N 


Fig. 4. Effect Of Thiamine and Xicotinamide on the Action or Nicotine 

Isolated intcstiiio of the rabbit. N, nicotine 0.5 mgm. per 100 cc. T, thiamine 10 mgm. 
per 100 cc. Xa, nicotinamide SO mgm. per 100 cc. 

The addition of small amounts of prostigmine which by themselves did not 
stimulate intestinal contractions (2.5 to 5 micrograms per 100 cc.) did not exert 
any influence upon the effect of thiamine on the nicotine reaction. 

Effect of thiamine on the action of other drugs. The effect of thiamine on the 
action of epinephrin, acetylcholine and lentin (carbaminoyl choline) was tested 
on the isolated rabbit’s inte.stinc. In these experiments thiamine was added in 
concentrations of 10 or 15 mgm. per 100 cc. sufficient to abolish the effect of nico- 
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tine No changes m the effectueness of epmephnn (0 I mgm per 100 cc ) in 
relaxing the intestine (fig 2) nor m that of lentm or ncetylcliohne in stimulating 
intestinal contractions Mere observed 

Incffedncness of other B vitaymns tn inhibiting the action of mcolinc None of 
the B v itamins tested caused any change in the motilitj of the I'solated intestine 
w hen giv cn m concentrations of SO mgm per 100 cc In contrast to the findings 
with thiamine, these vitamins failed to influence the reaction to a subsequent 
administration of nicotine (fig 3 and 4) 

B Antagomslic effect of thiamine on mcoitne on the striated muscle Those 
experiments were carried out on the isolated abdominal muscle of the frog sus 
pended in frog Ringer The addition of 10 mgm of thiamine per 100 cc de 


/ ^ • 


N 


t 


T, 


N 


T» 


I 

N 


Via 5 Eiflct of Thiamine ov the Action of Nicotine 
Isolntcd tibdomuinl mu'»cle of the froc N nicotine 0 5 mgm per 100 cc Ti thnminc 
10 m^m per 100 cc T tl nmme 20 mgm per 100 cc 

pressed and 20 mgm abolished the reaction of t!ic mu«clc to nicotine in doses of 
0 5 mgm per 100 cc (fig 5) The^c experiments were repeated with Ringei 
solution to which prostigminc had hetn added (5 micrograms per 100 cc ) How 
ever, no influence of prostignime upon the cfficacj of thiamine in inhibiting the 
action of nicotine was obsened Cocarboxjlase was cquallj effective as thi 
amine 

Discussion The results demonstrate that thiamine m concentrations of 10 
to 15 mgm per 100 cc pre\ ents the effect of nicotine on the i&olated intestine of 
labbits ind guinea pigs and on the isolated skeletal muscle of the frog as well 
Administration of piostigmine failed to counteract this effect of tlinmine Ihi 
amine in tlie«!c conccnfi itions timporanlj blocks the action of nicotine but cau^is 
no peimanent dam ige to the ganglia Mncc the rcraov al of thiamine bj changing 
the luitrunl solution icstoic's the response to nicotine In analogy to prc\ious 
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experiments with sulfonamides (3), the inhibitoiy effect of thiamine was found 
to be confined to the sjmapses; the action of sympathico and parasympathico 
mimetic drugs on the nenm endings of the intestine (epinephrin, acetylcholine) 
remained unchanged. However, in contrast to the findings with sulfonamides, 
thiamine in inhibiting the nicotine action on the striated muscle, exerts an effect 
upon the receptive apparatus of the end plates at the myoneural junction. This 
observation tends to support the opinion of Eccles who, on the basis of his ob- 
serv’ations on synaptic potentials, concluded that there are no fundamental dif- 
ferences between the transmission of impulses in synapses and that in the 
myoneural junction (4). 

The effect of thiamine upon the action of nicotine is not shared by other B 
vitamins such as riboflavin, pyridoxine, pantothenic acid, nicotinamide or para 
aminobenzoic acid. In vieiv of the results obtained with the thiazole and the 
pyrimidine moieties of thiamine it appears tha't the effect of thiamine is linked to 
the thiazole structure of the molecule. It is tempting to speculate that the 
inhibitory effect both of sulfonamides and of thiamine may in part be based upon 
the presence of the organic sulfur in these compounds, although thiourea (100 
mgm. per 100 cc.) failed to influence the reaction to nicotine. In this connection 
it may be recalled that thiamine under certain conditions exerts an inhibitory 
effect upon diamino o.vidase (5) and on choline esterase (6). 

The action of thiamine upon S 3 ’napses and myoneural junctions has been 
demonstrated only in isolated organs following the use of very large doses of the 
vitamin. It is, how'ever, not impossible that these reactions might be of im- 
portance in the physiologic action of thiamine upon metabolic process as involved 
in the humoral transmission which as yet are not well understood (2). 


SUMMARY 

1. Thiamine (5-15 mgm. per 100 cc.) inhibits the action of nicotine in the iso- 
lated intestine of rabbits and guinea pigs. Cocarbo.xjiase has the same effect 
as thiamine. The action of drugs stimulating sympathetic or para-sympathetic 
nerv'e endings is not influenced by thiamine. 

2. This effect of thiamine is linked to the thiazole moiety of the thiamine 
molecule and appears to be analogous to the effect of certain sulfonamides. 

3. Thiamine also inhibits the action of nicotine in the striated muscle of frogs. 

4. The effect of thiamine upon the nicotine action is not influenced by pro- 
stigmine. 

5. The processes involved in the inhibition of the nicotine action in synapses 
and in end plates at the myoneural junction are discussed. 

Actcnowledgement. Appreciation is expressed to Mrs. Grace R. Peters for 
her valuable technical assistance. 
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Ilemolj tic anemn is occTsiomllv produced when sulfonamides me administered 
to man (1) In the moii'se howexer, hemol>tic anemia of v iiiable intensity 
develops within a period of two weeks when sulfanilamide, sulfanilvlguanidme, 
sulfap\ ridino orsulfathiazole is incorporated m aslock ration (2) The potential 
it\ of each of these sulfonamides for the production of hemolytic anemia was 
1 elated by Richardson (2) to the concentration of the compound within the 
cn throe} tes The four sulfonamides were shown to bo indistinguishable from 
one anothci with respect to the molar cryth\roc}tic concentration required to 
produce anemia In this stud} two p}nmidinc derivatives of sulfanilamide, 
namelv sulfamcrazme and «ulfadiazme, were compared with sulfap}ndine as to 
their abilit} to produce hemoU tic anemia m the mouse Although Richardson s 
findings (2) w ith sulfap} ndinc have been confirmed, it w as obser\ cd that sulfa 
diazine and sulfamcrazme produce hcmol\ tic anemia m the mouse onl} w hen the 
sulfonamide concentration withm the cr}throc}tcs is raised to a lc\el opproM 
mntcly ten times that required for sulfap\ ridinc Ilemol} tic anemia ma} result 
from the presence of sulfonamide molecules withm the erythrocytes but all 
sulfonamides are not cqui\ alont m their ancmi i producing potenc} on the basis 
of their molar concentrition m the blood or m the cr}throc}tes of the blood 
Those sulfanilamide denvatives studies by Richard>on (2) produced hcmoUtic 
anemia when the molar concentration m the red cells was onU approvimatcl} 
one tenth that w Inch w c found to be necessary wath sulfamcrazme or sulfadiazine 

Mctiiods iSorm-iJ iiciUhy mice (18-25 pm in weight) ^\e^e kept m groups of 6 on wide 
meshed screening under conditions of constant tempernture and hutnidit} and fed a pow 
dered stock ration * T1 c sulfoti miides were thoroughly incorporated in the diet m various 
concentrations each of whitii was given ad libitum to several eapcrimcnlal groups* Prior 
to and at the end of a 2 week period of sulfonamide feeding the hemoglobin content of the 
blood was determined colorimctncall} by the acidlcmatin method Blood (0 05 cc ) 
w as draw n from the tad of each mouse and added to \/IO hydrochloric acid (12 5 cc ) All 
photoelectric colorimeter readings were made 24 hours after the preparation of the acid 
licmatm suspensions * It was found that 6 hours were required for the readings to attain a 
maMraal value and that thereafter no significant change occurred during a period of C 


* Sulfamcrazme was originally termed suU itncrizinc 

* Purina Dog Cl ow 

* For reference the Klett acid licmatin standard smjiension was employed 
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months at refrigerator temperature. At the end of the 2-week period of sulfonamide feed- 
g, blood samples (0.05 cc.) were taken for the determination of the concentration of free 
sulfonamide according to the method of Bratton and Marshall ( 3 ). 


Results. Considerable variation in the concentration of sulfonamide was 
noted in the blood of mice which received the same drug-diet. This was par- 
ticularly noticeable in mice given the diet containing sulfapyridine, among which 
the individual differences were approximately three times as marked as in the 
mice given diets containing sulfadiazine or sulfamerazine. Both before and 
after sulfonamide feeding, the concentration of hemoglobin in the blood of the 
mice showed considerable variations from the mean. Because of these varia- 
tions it was considered unsuitable to attempt to correlate the concentration of 
sulfonamide in the blood with the change in hemolgobin concentration. 

A method found useful for comparing the anemia-producing potency of these 
sulfonamides involved a statistical evaluation based upon the percentage in- 
cidence of anemia at various levels of sulfonamide concentration in the blood. 
For the purposes of this calculation it was necessarj' to designate a critical con- 
centration of hemoglobin in the blood, above which mice would be considered 
normal and below which anemia would be considered to exist. The average 
hemoglobin concentration in the blood of the various groups of controls (47 mice) 

‘ was 17.1 gm. per 100 cc. at the beginning of the experiment and 16.9 gm. per 100 
cc. at the conclusion of the 2-week period of observation. Each mouse during 
this period showed to some degree a positive or a negative change in its hemo- 
globin concentration and the standard deviation of the average of these changes 
was ±2.1 gm. per 100 cc. According to these data 1 in 3 animals should show a 
change greater than ±2.1 gm. of hemoglobin per 100 cc. of blood, and 1 in 6 
animals should show a spontaneous reduction in the hemoglobin content of 
the blood to an extent greater than 2.1 gm. per 100 cc. Actually only 1 in 1 1 of 
the control animals showed a decrease of this magnitude. The diagnosis of 
anemia was made, therefore, if a decrease in hemoglobin concentration exceeding 
2.1 gm. per 100 cc. of blood was found at the end of the 2-week period of sulfon- 
amide feeding. The percentage incidence of such deviations from the hemo- 
globin level of the control mice was found to be related to the concentration of 
sulfonamide which occurred in the whole blood or in the erythrocytes. In 


table 1 are presented the data and the calculations from which the curves pre- 
sented in figure 1 were derived. It will be seen that as the concentration of 
sulfonamides in the blood increased a progressive increase in the incidence of 


anemia was encountered. With a concentration of sulfapyridine of 8 mgm. or 
more per 100 cc. of blood all mice showed a hemoglobin decrease greater than 2.1 
grams per 100 cc. of blood. With sulfamerazine and sulfadiazine, however, a 
sulfonamide concentration of approximately 60 mgm. per 100 cc. was required 
to produce a 100 per cent incidence of anemia. Since comparisons of drugs which 
produce a given pharmacological effect can be made most accurately at dosage 
levels affecting approximatelv 50 per cent of the animals, the “Anemia-Producing 
Concentration^o” (A.P.C.») was calculated by Behren’s method (4h In figure 1 
is shovTi the A.P.C.so for each of the three sulfonamides. I'he A.P.C.so ot sulia- 
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TABLE 1 

Incidence of anemia in mice receiting sulfapyndine, aulfamerazine and sulfadiazine in the 
diet 


AVEIACE 

BLOOD 

CONCH 


lAhCE or BLOOD 
COVCM 


hO or axiuaes 
Normil I Anemtc 


BEBtEN s UETBDD 
Nonnal | Anemic 


FIX CENT or 
AHDUL^ AVEinC 


Sulfapyridine 


tn{m fer einl 

0 1 

mtn per eenl 

0 0-0.2 

2 

0 

55 

0 

0 

0 6 

0 3-07 

10 

1 1 

53 i 

1 

2 

1 0 

0 8-12 

9 

4 

43 

5 

10 

1 5 

13-17 

6 

4 

34 

g 

21 

2 0 

18-22 

g 

5 

28 

14 

33 

2 5 

2 3-27 

5 

2 

19 

16 

46 

3 0 

2 8-32 

I 

2 

14 

18 

56 

3 5 

3 3-37 

2 

2 

13 

20 

61 

4 0 

3 8-42 

2 

2 

11 

22 

67 

4 5 

4 3-47 

4 

3 

9 

: 25 

74 

S 0 

4 8-52 

1 

1 

5 

20 

84 

S 5 

5 3-67 

2 

1 

4 

27 

87 

6 0 

5 8- C 4 

1 

2 

2 

29 

94 

7 0 

0 5-74 

1 

0 

1 

29 

97 

8 0 

7 5-84 

0 

3 

0 

32 

100 


8 5-31 0 

0 

25 

0 

57 

100 


Sutfamerazme 


10 0 1 

8-42 

2 1 

0 

28 

0 

0 

16 0 

13-17 

3 1 

2 

26 

2 

7 

20 0 1 

18-22 

6 ' 

1 

23 

3 

12 

25 0 

23-27 

4 

4 

17 

7 

29 

30 0 

28-32 

4 

4 

13 

11 

46 

35 0 

33-37 

6 

3 

9 

14 

61 

40 0 

38-42 

2 

' 2 

i 

16 

80 

45 0 

43-47 

0 

2 

2 

18 

90 

50 0 

48-52 

1 

0 

1 ^ 

18 

90 

GO 0 

58-62 

1 

1 

1 

19 

95 

65 0 

03-67 

0 

1 

1 0 

20 

100 


68-115 

0 

6 

1 0 

1 25 

100 


Sulfadiazine 
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2 

0 

23 

0 

0 

15 0 

13-17 

5 

0 

21 

0 

0 

20 0 

18-22 

3 

0 

16 
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0 

25 0 

28-27 

3 

5 

13 

5 

28 

30 0 

28-32 

2 

3 

10 

s 

44 

35 0 
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3 

1 

8 

9 

53 

40 0 
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2 

1 

5 

10 

67 
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0 

1 

3 

11 

79 
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3 

3 

3 

14 

82 
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0 

2 

0 
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lOO 


63-115 

0 

2 

0 

18 
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pyridine (2.8 mgm. per 100 cc. of blood) indicates the great potentiality of this 
drug for the production of anemia in mice. However, with sulfamerazine or 
sulfadiazine anemia was not produced until very high concentrations in the blood 
were attained; the A.P.C.m of sulfamerazine was 31.0 mgm. per 100 cc., while 
that of sulfadiazine was 33.0 mgm. per 100 cc. of blood. 

Although microscopic examination of the blood was not done routinely, it was 
noted that the number of reticulocytes varied inversely with the hemoglobin 
concentration— a finding which strongly suggests' that the anemia was of the 
hemolytic type. Large numbers of eiythrocytes containing Heinz bodies were 
also observed. These changes in the erythrocytes were of the same general 
cliaracter whether produced by sulfamerazine, sulfadiazine or sulfapyridine, 



Fig. I. The Incidence of Anejiia in Mice after Receiving Sdefapvridine (SP), 
SoLFAMEHAZINE (SM), OB SoLFADIAZlNE (SD) IN THE DiET 
FOR A Period of Two Weeks 


and were similar to those reported by Richardson (2, 5) with sulfanilamide, sulfa- 
pyridine, sulfathiazolc, siilfanilylguanidine and diaminodiphenylsulfone. 

The micromolar concentrations of the sulfonamides within the erythrocytes, 
calculated from the hematocrit and the whole blood and plasma sulfonamide 
concentrations, ^ showed that the relation between the three compounds studied 
closely resembled that found in whole blood. Preliminary observations indicate 
that in mice in which a sulfonamide concentration sufficient to cause a 50 per cent 
incidence of anemia is present in the blood, the concentration in the eiythro- 
cytes is higher in the anemic mice than in the non-anemic members of tlie group. 
In other words, with the occurrence of anemia the ratio of eiythrocytic concentra- 

tQ Cb- [Cf( 1 - H)1/II, where Cc = concentration (mgm. of aulfonamiile per 100 
cc.) incrylhrocj'tes, Cb = concentration in whole blood , Cp = conoentratiornn plasma, and 
1/ = hematocrit expressed as a decimal fraction of 1. 
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tion to pla-smic concentration appears to increase Since the anemic mice 
showed a high dcgiec of icticuloc>tosis rt was thoiiglit tlmt the highei diug con 
lerttration in the red celh conceivablv might he iccoiintcd foi 1)> i higlier content 
in the immature reticulum containing cells llie data, uailahlc, how c\ci, show 
that the uppermost poition of a column of centnfuged ei-jthrocytcs in which 
rcticuloc} tcs were concentrated, actually contained less sulfonimide pei unit 
\ohime than the lowest portion of the column which was iclatuclj fice of letic 
ulocjtes Ihe difTcrcnce in sulfonamide conccntiation between the two la\ei-s 
of centnfuged cr\ throc>tcs did not result fiom a dilTLicncc m the packing of tiie 
ted cells no significant difference was found when the same e\peiimcnt was ic 
peated with the blood of normal mice two hours aftci the oial idmini>tiation of 
a single dose of sulfonamide Further studj will be icquiicd to determine 
whether the increased ratio of crythiocstic to plasmic concentration ofsulfon 
amide m anemic mice is of piimary or of ‘secondary significance 

Discussion At picscnt it is not possible to offer an explanation foi the f ict 
that the production of anemia icquircs a \co much higher conccntiation of 
sulfadi vzmo or sulfamerazmc tlian of bul^ap^ luhnc and the other sulfon imidcs 
It appears that the two pjnmidinc dcn\ dues bchue diff(Jtntl> from those 
sulfonamides in\ ostigatcc! ba Richardson (2) namely sulfanilamide sulfxtlu uole, 
sulfapjndme, and sulfanilylguanidinc Since Richaid'tn found those fom com 
pounds to he cqualh prodiutixc of hcmoljtic anemu in the mouse when the 
molai conccnti ilion in the en throt>tc^ w is tonsulcicd it follows th it in this 
respect c vch is about ten times as toxic as sulf uner isunc oi sulladiazino 

It IS intcicsting to con-ulcr wlicthci these obscivations made in mice hcai anx 
relation to oh ervations made m human subjects In tlicii studj of the toxic 
icactions pioduced b} 'lulfonamidc' m man, Dowling and I epper (1) obscivcd 
7 cases of acute hemohtic anemia among a total of 508 patients trexlcd with 
sulfapyndine, while among GGO cases treated with sulfadiazine there was onl} 1 
cose of acute hemohtic anemia Certainh thc-o senes of coses aio not siifh 
cicntlj largo to peimit accurafebtatements concerning the comjjarativo incidence 
of hemolytic anemia in man following the use of the-^c two drugs On i percent 
age ba^'i's, the data of Dowling and Lcpi>ei (I) •'how that the incidence of licmo 
htic anemia in then sulfapjiuhnc tieatcd costs (1 d pci cent) w is about nine 
times that in their sulfadiazine li rated ca*-c^ (0 15 pci cent) It will he iccalled 
that in mice sulfapa ndine is pioductue of anemia whin the concent latioii m the 
cothrocyte is onh about one tenth that icquucd with sulfidiazinc or sulfa 
merazmc 

Although we hai e not studied the anemia producing effects of sulfathiazolc in 
the mou«e, Richardson (2) found that on a basis of the micromolar concentration 
within the erj throes to, this drug was compaiablc to sulfap^ iidmc in its abilita 
to produce hemoljtic anemia Dowling and Leppoi (I) found onI> 1 case of 
acute hcmoljtic anemia among 321 patients gi\en sulfathiazole On a percent 
age basis (0 31 per cent) this incidence is about twice that of sulfadiazine, how 
e\ er, the a\ erage concentration of sulfathiazolc in the blood in the human i iscs 
was sigmficanth lower than tliaf of sulfadiazine irid the number of cases h 
much too small to suggest that the difference has significance 
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Obviously, a very much larger number of casas will be required to prove con- 
clusively that in man, as in the mouse, sulfadiazine is markedlj' less productive 
of hemolytic anemia than are sidfathiazole and sulfapyridine. The present ex- 
tensive clinical usage of sulfamerazine should soon permit a conclusion concern- 
ing its productivity of hemolytic anemia in man. Data from its use, in com- 
pai'ison with data obtained using other sulfonamides, will indicate further whether 
the moa.suiement in the mou.se of the potentiality of a sulfonamide for the pro- 
duction of hemolytic anemia is of importance in the experimental evaluation of 
new members of this group of chemotherapeutic agents. 

SUMMARY 

The hemolytic anemia-producing properties of sulfapyridine, sulfamerazine 
and sulfadiazine have been evaluated in mice by determining the percentage 
incidence of anemia produced by various concentrations of sulfonamide in the 
blood. The concentration of sulfonamide in the blood necessary to produce a 
50 per cent incidence of anemia was found to be; with sulfapju-idine, 2.8 mgm., 
with sulfadiazine, 33.0 mgm., and with sulfamerazine, 31.0 mgm. per 100 cc. 
Althouglf a high micromolar concentration of sulfonamide within the eiythro- 
cyte.s was required to produce anemia with sulfadiazine and sulfamerazine, sulfa- 
pyridine ]R'oduccd the same incidence of anemia with an erythrocytic concentra- 
tion onlj’ about one-tenth as great. The possible clinical significance of these 
findings is discussed. 
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Present usage of atabnne m the suppression and treatment of malaria is 
largely empirical Until recently (1), regimes of therapy appeared to be con 
structed so as to obtain a therapeutic effect roughly equi\ alent to that of quinine 
and at the same time to minimize the hazard of toxic reactions (2) Such an 
approach to the general problem of atabnne therapy is a sinking contrast to the 
more quantitative one which has facilitated the development of sound anti- 
bacterial therapy i\’ith the sulfonamides The availabihty of relatively simple 
methods for the estimation of atabnne concentration m biolopcal fluids (3, 4) 
non permits the latter tjqie of approach to the problems of atabnne 
therapj 

The observations transmitted in this report are denved from studies nhich 
examine certain aspects of the fate of atabnne m the body under several general 
circumstances The fundamental premise, underlying these and other similar 
studies, 18 that the antimalanal actmtj of atabnne may be related to its con- 
centration m the plasma, or, perhaps more precisely, to the concentration of 
unbound dnig m plasma v ater Some genera! support of this thesis w ill be found 
m the data of this report More direct evidence Mill be presented m other com 
muncations (5) 

The report is divided into three sections The first is concerned inth the 
physiological disposition of atabnne m the bod> It details observations made 
on the dog and on man v hich outline that part of the general pharmacology of 

* The work described in this paper was done under a contract recommended by the 
Committee on Medical Research between the Office of Scientific Research and Development 
and New \ork University 

The work has been described m full in a memorondum prepared for the Committee on 
Medical Research and subnutted July 15 1913 The memorandum is entitled, ‘ On the 
Use of Atabnne m the Treatment of Malana ’* 

* The resident staff who rendered invaluable assistance at vanous times dunng the study 
consisted of Roger L Greif, Lieutenant Og) USNR, Hugh A Miller, Lieutenant 
Commander MC V(G), USNR, Jackson Norwood Lieutenant (sg) MC, USNR William 
J Welch Ist Lieutenant MC AUS Bowman Wise, Charles G Zubrod, let Lieutenant, 
MC, AUS 
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atabrme which is of importance in conditioning its specific therapeutic effect. 
Ihe Kcond section consists of an examination of the use of atabrine as a sup- 
pressive antimalarial agent. The third section is concerned ;ivith the use of 
atabrine in the treatment of clinical malaria. These investigations are not 
designed to obtain a clinical evaluation of the effectiveness of the therapeutic 
re^mes examined. Rather, the data as a whol^ should serve as a baekground 
of information for use in the construction of rational regimes of therapy. These 
may then be^ examined in larger scale studies, and finally tested for clinical 
effectiveness in naturally occurring malaria. 

Section I. The Phtsioloqical Disposition of Atabrine in the Bodt. 
Outstanding characteristics of the physiological disposition of atabrine are a 
rapid and essentially complete absorption from the gastro-intestinal tract, a low 
rate of excretion, a low rate of degradation and a tendency to extensive localiza- 
tion in many organs of the body. The properties of the drug which relate to its 
absorption, degradation and excretion have been sketched in by simple experi- 
ments or by the use of information drawn from the recent investigations of others. 
The distribution of atabrine in the body has been re-examined since previously 
available data do not include observations which relate the concentration of the 
drug in the various tissues to a reference fluid such as plasma or plasma water 
‘1 (c.f. 6). The data presented are adequate to characterize the salient features 
of the physiological disposition of atabrine but do not constitute an exhaustive 
inquiry into the details of the several processes involved. 


Experimental, Chemical method: The chemical method used in these observations is 
a double extraction procedure recently described. The initial ethylene dichloride extracts 
were, in all cases, washed with alkali so that the values given in the tables refer to atabrine 
as such and do not include any of its fluorescent degradation products (4, 7). 

Preparation of biological samples: Plasma: Special precautions must be taken in the 
preparation of the various partitions of the blood for analysis due to the unequal distribu- 
tion of atabrine in this tissue (table 2). The technique used in the preparation of the 
plasma samples is as follows: Blood is drawn using adequate amounts of oxalate as an anti- 
coagulant, It is immediately centrifuged at 1600 r.p.m. for fifteen minutes, the upper 
portion of the plasma is removed and recentrifuged for an additional hour at 1600 r.p.m. 
This procedure is designed to minimize the contamination of the plasma sample by atabrine 
derived from the leucocyte. 

Leucocytes and Erythrocytes : Several samples of blood are centrifuged in 25 ml. tubes 
at 1500 r.p.m. A sample of leucocytes is obtained by pooling the buffy coats separated from 
the series of blood samples and recentrifuging the pooled cells in a clean tube at 1500 r.p.m. 
until a sharp separation is effected between the leucocytes and other layers. The super- 
natant plasma is removed by aspiration and aliquots of the leucocytes arc then weighed out 
for analysis. A sample of erythrocytes is obtained by taking a centrifuged blood sample 
from which the plasma and leucocytes have been removed and pipetting an aliquot from the 


bottom of the packed erythrocytes. , mv. u. 

Tissues : Small pieces of tissue are removed from freshly sacnficed animals. Ihe samples 
are weighed and prepared for analysis by homogenizing in a motor driven glass device which 
produces fracture of most cells (4). 

Urine and Feces: Appropriate amounts of each of these are taken from ^ hour collections 
and the atabrine shaken out directly into the ethylene dichloride as m the plasma de- 
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termmatiOD The 24 hour collection of feces is first converted into 5 fine suspension in 
dilute hydrochloric acid by vigorous shaking 

Measurement of plasma binding An indirect approach to the measurement of plasma 
binding is necessary since atabnne is extensively bound on the membranes commonly used 
for ultrafiltration and dialysis The error duo to this phenomenon is particularly large at 
the concentrations of unbound atabnne which are commonly encountered in the plasma 
water during most regimes of therapy 

The indirect method consists of the determination of the concentration of atabnne in a 
buffered Ringer’s solution which produces tho same equilibrium concentration of atabnne 
m a sample of erythrocytes as obtains when the erythrocytes are equilibrated inth a given 
concentration of atabnne m whole plasma The equilibrations are performed at 22'’ in 
order to minimize hemolysis A summary of an experiment on dog plasma is given in table 
1 Such a procedure may not jicld a precise expression of the situation wluch obtains 
m ruo due to the temperature at which tho equilibration is performed However, the 
values obtained may be accepted as close approximation of these relationships 

TABLE 1 

Plasma btruftn; of aiabrine 

The extent to which atabnne is bound to the non diffusible constituents of plasma was 
approximated as in the following expenment 

Atabnne was added in various amounts to measured aliquots of a sample of dog plasma 
and buffered Ringers solution Aliquots of a single sample of dog erythrocytes were then 
added to each of tho above fluids The cell suspensions were cquibbrated at22*C for one 
hour with occasional agitation, they were then centrifuged and the separated cells and 
supernatants analysed for atabnne in the usual fashion 




ATASttKe COSCtMTSATIOil 

tATie CZU4 




SuDeniAUBt 

EiyUitocytM 

milVATAKT 


Plasma 

micf»srs>"S 

1 0 

ptr lutr 

21 

imcrttttmt 
ftr liUr 

60 

2 4 

fir tint ef l«l»l 
ctHctnlralifH 

70 

Plasma 

1 5 

04 

143 

2 2 

72 

Plasma 

3 0 

122 

2S0 

2 1 

71 

Plasma 

7 5 

330 

721 

2 2 

73 

Plasma 

15 0 

015 

1472 

2 4 

72 

RingcrB 

1 5 

28 

230 

8 2 


Ringers 

7 6 

100 

701 

7 9 



Experimental results The distnbution of atabnne m whole blood Data on 
the distnbution of atabnne in the blood of two patients are summarized m table 
2 These blood samples were obtamed after the administration of 0 1 gram of 
atabnne dihydrochlonde tliree times daily for many days The results presented 
are typical of what has been found on other samples of blood from both canine 
and human subjects The concentration of the atabrme in erj throcj'tcs is 
usually one to two times that of plasma, whereas, the concentration in leucocytes 
IS m excess of tw 0 hundred times the plasma concentration It is impossible 
to obtain a pure sample of either general cell type Consequently , the atabnne 
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concentrations given for leucocytes are lower than actually occur and the con- 
centrations given for erythrocytes higher. 

Such a chstribution in the blood is rather unusual and has important implica- 
tions. It is in consequence of this distribution that information on the atabrine 
concentration of whole blood in any situation is of little use to the pharmacologist 
or the clinician. It has been noted, when wide variations in the leucocyte count 
are encountered during a course of atabrine therapy, that the whole blood ata- 
brine concentration is more apt to reflect the change in the leucocyte count than 
the underlying plasma atabrine concentration. On the other hand, considerable 
variations have been encountered in the relationship between the concentration 
of atabrine in the whole blood and in plasma which are not completely accounted 
for on the basis of variations in the leucocyte count alone or the absolute con- 
centration in the partitions of blood examined. These findings suggest that other 


TASLE 2 

Dialribulion of atabrine in human blood 

A summary of the distribution of atabrine in the blood of two subjects receiving 0.1 
gm. of the dihydrochloride three times daily. Note should be taken of the fact that the 
cell samples are mutually contaminated. The simultaneously observed concentration of 
atabrine in cerebrospinal fluid is also given because of the relationship it may be expected 
to bear to the concentration of atabrine in the plasma water. 



ATABRWE CONCEOTTtATIOS (UICBOC /tlTEH) 


Subject Ma 

Subject Go 

Plasma 

90 

89 

Plasma water 

14 6 

8 9 

Cerebrospinal fluid 

4.3 

6.4 

Erythrocytes 

149 

117 

Leucocytes 

9,500 

18,400 

Whole blood 

291 

651 

Plasma binding (per cent total) 

83 

90 


factors, which may relate to the time of exposure to atabrine or to the activity 
of the specific tisSue involved (leucocytes in this instance) are concerned in 
determining the extent to which atabrine is localized at any given concentration 
of unbound atabrine in plasma water. 

An appreciation of the nature of the distribution of atabrine in the blood is 
also essential if valid estimations of the plasma atabrine concentration are to 
be obtained. The localization of atabrine in the leucocytes appears to be re- 
versible, at least in part. It has been observed that when shed blood is let stand 
at room temperature, there occurs a progressive release of atabrine from the 
leucocytes. This is reflected in a progressive increase in the concentration of 
atabrine in the plasma. It follows from this that a value, which is truly rep- 
resentative of the in vivo plasma atabrine concentration, can only be arnved at 
when the plasma is separated in a manner which avoids contamination of the 
plasma sample by leucocytes or leucocyte fragments and which does not permit 
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the diffusion ouUs'irds of a significant amount of the atabnne contained m 
the leucocytes 

A second important characteristic of the distribution of atabnne m the blood 
IS the degree to l^h^ch it is bound to the non diffusible constituents of plasma, 
presumably plasma albumin The extent of this binding m the case of human 
plasma is in the order of 80 to 90 per cent of the total plasma concentration 
(table 2) This does not \arj with the absolute concentration of atabnne 
m the usual range of levels that are encountered during therapy 

An appreciation of the state of atabnne in the plasma is important in all 
theoretical considerations relating to the specific or general pharmacolog} of 
atabnne Tlie concentration of unbound atabnne m plasma water is presumably 
equal to that of extracellular fluid, and is the cquilibnum concentration of the 
body as a whole, or, as Mewed in another light, it is a reflection of the extent to 
which atabnne is reversibly locah 2 cd in a senes of organs Either of these general 
views IS justified bj the fact that all exchanges of atabnne, whether from blood 
to organs or from organ to organ, must proceed through this common matrix 
Furthermore, the concentration of unbound atabnne in plasma water is the 
concentrtion with which parasites or the parasitized ei-ythrocides of the blood 
are in equilibrium And lastly, it represents the concentration of atabnne which 
18 presented to the vanoua renal mechanisms and which, with these, determines 
the rate of the renal excretion of the drug 

It IS not feasible, because of practical considerations, to determine the con 
centration of unbound atabnne in plasma water as a routine measure, nor is this 
necessary for most purposes It is to be anticipated that the bound fraction will 
be proportional to the plasma albumin concentration and will remain reasonably 
constant so long as the plasma albumin concentration remams normal Con- 
sequently, unless GMdence to the contrary is obtained m further investigations 
of this aspect of the problem studies on the general pharmacology of atabnne 
or on the use of atabnne as an antimalanal agent may relate its action to the 
concentration in whole plasma 

Physiological Disposition The distribution of atabnne in the body has been 
examined m a series of experiments performed on dogs which are similar to the 
ones summarized m table 3 

Atabnne (10 rag per Kg) was administered to Dog A by a slow intravenous 
mjection The atabnne concentration of the plasma was determined at ten 
minutes and one and a half, and four hours later The animal was sacrificed 
shortly therafter The apparent volume of distribution of atabnne in Dog A, 
at four hours, is many times the body weight of the animal and this circumstance 
13 reflected in the high tis'sue/plasma concentration ratios determined at that 
time The degree of the localization of the atabnne in the tissues would be 
further emphasized by including in the calculation of the ratios the extent to 
which atabnne is bound on plasma protein 

It may be assumed that diffusion cquilibnum, in the absence of specific locali 
zation, is achieved m such experiments well within four hours Consequently, 
the low initial plasma atabnne concentration, together with the subsequent fall 
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to a,n even lower level, is a reflection of rapid, progressive, and extensive local- 
ization in various organs. It is also apparent that a dynamic equilibrium has 
not been achieved in Dog A at four hours. This is indicated by the continued 
rapid fall of the plasma atabrine concentration which is observed in similar 
experiments after four hours, and, the e.\-traordiuarily high tissue/plasma con- 
centration ratios which are invariably reached when atabrine is administered in 
repea,ted daily doses until equflibrium is established (Dog B, table 3). The 
equilibrium in the latter type of experiment is between processes of absorption, 
localization, degradation and excretion and the concentration of atabrine in the 
plasma, or, as noted above, the concentration of unbound atabrine in plasma 
water. 

The distribution of atabrine in the human subject was studied, using the 
expedient of measuring its apparent volume of distribution following the intra- 

TABLE 3 

Distribution of atabrine in the dog 


Two experiments which examine the distribution of atabrine in some selected tissues of 
the dog. The studies on Dog A were made four hours after a single injection of atabrine, 
on Dog B after the daily administration of atabrine for a period of fourteen days. 



DOG A. WT. 15.5 EC. 

DOG B.W. 10.0 EC. 

:00 10 mg/lcg. atabrine intravenously 
:10 Plasma atabrine 0.310 mg./kg. 

J:<10 Plasma atabrine O.OW mg. Aff* 

4:10 Plasma atabrmeO.041 mg. /kg. 

20 mg. per kg. daily /or 14 days prior 
to experiment. Last dose 14 hours 
before sacrificing 

1 

Concentration of atabrine (milligrams per kg.) 

Plasma 

0.041 

0.061 

Muscle 

6.80 

55.0 


22.8 

310.0 


161.0 

571.0 


70.0 

1306.0 


venous administration of a known amount. A typical experiment showed a 
plasma atabrine concentration of 30.8 micrograms per liter four hours after the 
intravenous administration of 200 milligrams of atabrine dihydrochloride to a 
man weighing 70 kg. The apparent volume of distribution at this time had a 
value of 6,500 liters or approximately ninety times the body weight. These 
data indicate that, as in the dog, there is ex-tensive localization of atabrine in the 
-tissues of the human subject. This finding is in keeping with the phenomenon 
of accumulation which is so manifest in the human subject when receiving small 
repeated doses of atabrine (Sections II and III). 

Excretion is of little importance in determining the plasma atabrine concen- 
trations in these experiments. The normal dog wll usually excrete in 24 houm 
no more than one percent of the amount of atabrine administered m a single 
dose of the size given in Dog A and approximately 5 percent of the daily dose 
required to maintain a plasma concentration at the general level observed on 







USE OF ATABRINB IN MALARIA 


313 


Dog B (see also 6) A similar situation obtains in man, table 4 (see also 8) 
Hoi;\ever, it is of some mterest to note that these low excretion rates are largely 
attnbutable to the \ery loi\ concentrations of unbound atabnne m the plasma 
water rather than to renal factors per sc 
Degradation is similarly of little importance m determining the relationships 
observed in experiments of short duration similar to the one on Dog A How- 
ever, degradation is important m experiments which involve the serial adraims- 

, TABLE 4 

AbaorpUon and excretion of aldbnne in man 
These observations are examples of the relationships which obtain during the admims 
^ration of therapeutic doses of atabnne dihydrochlondc Plasma atabnne concentrations 
are included to indicate the extent to which a stable balance hss been struck between the 
absorption, degradation and excretion of atabnne m each subject dunng the collection of 
the data Each patient had received 0 I gm atabnne dihjdrochlonde three times daily 
for some days previously Variations observed m the fecal excretion of atabnne are to be 
expected due to the error involved in sampling 
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tration of atabnne over a number of days The plasma atabnne concentration, 
m these situations, mcieases abruptl> with each dose However, the low rate 
of degradation, makes possible the progressive accumulation of atabnne m the 
body which m turn is reflected in a progressive increase m the plasma concentra- 
tion of atabrme which is maintained between doses The rate of degradation 
appears to be a function of the plasma concentration since ultimately the basic 
level of the plasma atabnne concentrations stabilizes The level at which each 
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individual stabilizes is related to the atabrine dosage and to the rate at which 
the indi\ddual degrades the drug; the latter being different for different individ- 
uals. This_ circumstance follows from the fact that in the normal individual 
absorption is essentially complete and excretion is sufficiently low to be unim- 
portant. Consequently, when stabilization has been attained the amount of 
drug degraded each day is approximately equal to the daily dose. 

There is considerable variation in these relationships from dog to dog and e^'en 
greater, variation when man is compared to the dog. However, observations 
on the absorption and excretion of atabrine in human subjects, some examples 
of which are summarized in table 4, and, the data detailed in Sections II and III, 
indicate that differences between the dog and man are quantitative rather than 
qualitative. 

Discussion. These studies serve to outline the important factors which are 
concerned with the phj’siological disposition of atabrine. The distribution of 
atabrine in the blood is such that observations on its specific antimalarial action 
should be related to the concentration of the atabrine in the plasma and perhaps, 
indirectly from this, to the concentration of the atabrine in plasma water. It 
is also clear that the plasma atabrine concentration achieved after single or 
repeated doses is dominated by the tendency of the organs of the body to localize 
the material within them, and by the slow rate at which the drug is degraded. 
These, characteristics are reflected in the low plasma atabrine concentration 
which is reached after a single dose of atabrine as well as in the low rate of renal 
excretion. They also, together with the low excretion rate, are reflected in the 
slow rate of fall of the plasma atabrine concentration after a single dose and the 
progressive accumulation of the drug in the body when repeated doses are 
given over a period of days or weeks. 

An appreciation of the above factors is of practical importance since it is the 
operation of these which regulate the plasma atabrine concentration on any 
regime of therapy and which, consequently, are reflected in the antimalarial 
effectiveness of any given regime of atabrine therapy. 

Section II. An Evaluation of Atabrine Suppressive Ther.\py Through 
A Study of the Plasma .Atabrine Concentrations Achieved on Seveilal 
Dos.age Schedules. A study of the plasma atabrine concentrations achieved 
in individuals on a variety of dosage regimes was undertaken in order to deter- 
mine the importance of the phenomena described in Section I to the problem 
of constructing rational regimes of suppressive therapy. Preliminarj' obsena- 
tions were made on a small series of hospital patients. These received 0.2 gm. 
of atabrine dihydrochloride twice weekly for periods varying from three to eight 
weeks (9). It appeared that, on such a dosage schedule, there is a progressive 
accumulation of atabrine in the bodj^ and that this accumulation is reflected in 
the progressive increase in plasma atabrine concentration. The equilibrium 
between the oral administration of atabrine and plasma atabrine concentration 
was not reached, in these observations, until some weeks after beginnmg 
atabrine. Furthermore, ex-fensive variation was encountered in the plasma ata- 
brine concentrations of the individuals of the group. Tliese results were o 
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sufficient practical importance that the study has been extended to mclude other 
regimes of therapy on small groups of normal young adults 

Ex-penmenial Chemical method The plasma samples were prepared as described in 
Section I The concentration of atabnne was estimated by the double extraction procedure 
but did not include an alkaline ^ ash of the ethylene dichlonde extract (4) A. small quan 
tity of fluorescent degradation of atabnne is, therefore, included in each estimation 
However, the error involved is only a few per cent and may be neglected in considering the 
data of this section The low plasma atabnne concentrations frequently encountered 
dunng suppressive therapy make it necessary to observe eveiy precaution in the use of the 
chemical method, i e in the preparation of reagents, in the mampulations dunng the esti 
mation and in the maintenance of the fluorometer at high sensitivity 

Climcal matenal Volunteers from the first and second year classes of the Kew York 
Umversity College of Medicine were used They may be considered to be reasonably 
healthy young adults leading a rather sedentary life Three of the subjectsuere dropped 
from the study because of moderately severe gastro intestinal reactions, two of the sub 
jects because of unusually high plasma atabnne concentrations The latter two subjects had 
no adverse reactions However, in the absence of information at the time that concentra 
tions in excess of 60 nucrograms per liter are safe over extended penods of time, the drug 
was withdrawn m these instances These five subjects are not included in the means of 
the summary figures 

Regimes of therapy The atabnne was taken on the days indicated below at 1 PM , 
immediately after lunch The dosage schedules and the times of blood sampling were 
as follows 

1 400 mg of atabnne dihydrochloride weekly This was administered m two, 200 mg 
doses taken on Tuesday and Thursday Plasma atabnne concentration was estimated m 
blood samples obtained at 1 and 5PM on each of the days that atabnne was administered 

2 400 mg of atabnne dihydroehlondew’eekly This was administered id four, 100 mg 
doses taken on Tuesday, Wednesday, Thursday and Fnday Plasma atabnne concentra 
txon was estimated in blood samples obtained at 1 P M on Tuesday and Thursday, and at 
5 P M on Fnday 

3 600 mg of atabnne dihjdrochlonde weekly This was administered in three 200 mg 
doses taken on Wednesday, Thursday and Fnday Plasma atabnne concentration was 
estimated in blood Samples obtained at 1 and 6PM on Wednesdays and Fndaya 

4 600 mg of atabnne dihydrochlonde weekly This was administered m six, 100 mg 
doses taken on Monday, Tuesday, Wednesday, Thursday, Fnday and Saturday Plasma 
atabnne concentration was estimated in blood samples obtained at 1 P M on Monday and 
Wednesday and at 6 P3r on Fnday 

5 400 mg atabnne dibydrochlonde weekly This was administered in 50 mg doses 
taken on six consecutive weekdays and one 100 mg dose on Sunday Plasma atabnne 
concentration was estimated in blood samples taken at 1 P M on Tuesday and Fnday 

6 400 mg atabnne dihydrochlonde weekly This was administered as in the previous 
schedule (number 6) but was preceded by the administration of I gm of atabnne dihydro 
chlondo in five, 200 mg doses taken on consecutive days Plasma atabnne concentration 
was estimated in this group of patients just preceding the first 60 mg dose of atabnne di 
hydrochlonde and at 1 P M on the Monday and Thursday of each week thereafter 

7 GOO mg of atabnne dihj drochlonde weekly This was administered in three, 200 mg 
doses taken on Monday, Wednesday and Fnday Plasma atabnne concentration was esti- 
mated m blood samples obtained at 1 PAI on Monday and Friday and at 5 PAI on Friday 

The subjects on regimes 1 to 4 were observed as above for a period of seven weeks, except 
that observations w ere not made dunng the fifth week A limited number were continued 
for an additional six weeks Single blood samples were obtained on some of the latter 
subjects at the mid penod of this interval and the usual observations made during the 
final week of therapy, i e , the thirteenth week The subjects on schedules 6 to 7 were 
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followed closely for an initial three-week period. ‘A portion of these also continued to take 
the drug during the following six weeks. Obaervations were made on some of the latter 
group at the micj-period and the usual blood samples were obtained during the ninth week 
of therapy. , 

The schedules of blood sampling, in relation to the schedule of drug administration in 
I regimes 1 to 4 and 7 were designed to evaluate the minimal and maximal plasma concentra- 
tions of each individual during each week. Maximal plasma atabrine concentrations U’ere 
not determined in the individuals on regimes S and 6 because of the small size of the doses. 
These produce little absolute change in the plasma atabrine concentration with each dose 
and the change in concentration must be assayed by observations extending over a period 
of days or weeks. It has been assumed, for the purposes of this study, that a maximal 
plasma atabrine concentration is reached appro.ximately four hours af ter the administration 
of one or two tablets. More detailed observations indicate that there is considerable 
variation in the time required for this to occur. However, the concentration at this time 
is usually a fair approximation of the maximal level reached. The weekly minimal plasma 
atabrine concentration has been taken as that which obtains at the end of the longest drug- 
free interval. 

Experimental results. Figures 1 and 2 are general summaries of the regimes 
studied. The large dots represent the weekly mean minimal plasma atabrine 
concentrations, the open circles the weekly mean “maximal” concentrations. 

‘ J The treads are indicated by the solid and broken lines which connect the dots 
/ and the circles respectively. The range of variation in the minima! values is 
indicated by the small dots above and below each mean minimal concentration. 
The intermediate values which were determined add little to the data and are 
omitted in the summary figures. 

- Further details are given in figure 3 and in table 5. The minimal weekly 
values for each subject on regime 4 are summarized in figure 3. These data 
illustrate the progressive increase of plasma atabrine concentration in the in- 
dividuals during the initial weeks of therapy. Table 5 is a summary of the 
detailed data obtained from the group on regime 2. These detailed data are 
typical of those obtained with the other groups. 

A consideration of the data in relation to that presented in the previous section 
permits certain general statements. 

1. Atabrine progressively accumulates in the body when 0.4 or 0.6 gm. of 
the dihydrochloride are administered weekly. The accumulation is reflected in 
a progressive increase of the plasma atabrine concentration which continues over 
a number of weeks. Eventually a stable concentration is achieved and main- 
tained. The equilibrium, concentrations on the 400 mg. regimes are definitely 
lower than on the 600 mg. regimes. However, the groups are too small to es- 
tablish the equilibrium concentrations which characterize each regime of therapy. 

More detailed studies w'ere made on the plasma atabrine concentrations which 
follow the individual doses. These indicate that the rate of fall in the plasma 
' level subsequent to attaining a maximal value is rather low. This finding is o 
consequence in the evaluation of the antimalarial protection conferred by a regime 
of therapy during the initial weeks since the minimal plasma concentrations are 
not a true indication of the antimalarial protection conferred durmg t is m erva . 
The minimal plasma atabrine concentration increases progressively as sup- 
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more and more a reflection of the minimal plasma atabrine concentrations 
observed. 



Fm. 2 Fio. 3 

Fig, 2. WcEKiiY Minimal and Maximal Plasma Atabrine Concentbattons ddrino 
THE Administration of 600 Mo. Atabrine Dihtdkochloride WEEKtr 
The symbols used are the same as in the case of figure 1 . Refer to page 315 for the details 
of the regime of therapy and the relationship between the dosage schedule and the times of 
bleeding, 

Fio. 3. The Weekly Minimal Plasma Atabrine Concentrations Observed in the 
Individitals of a Group Recbivino 600 Mg. op Atabrine Dihydbochloride Weekly 
IN Six 100 Mo. Doses Administered on Six Consecutive Days Each Week 
(Regime IV) 


TABLE 6 

Plasma atabrine concentrations 


Observed in a series of subjects on regime 3; i.e., 100 mgm. atabrine dihydroohloride on 
successive days from Tuesday to Friday at 1 P.M. 


Week 

■mi 

2 

3 



7 

u 


■ 


■ 

Tu 

Th 

Fr 

Tu 

Th 

Fr 

Tu 

Th 

Fr 

T« 

Th 

Fr 

Tu 

Th 

Fr 

Tu 

Th 

Fr 


1 

1 

m 

■ 

IP 

5P 

IP 

JP 

5P 

JP 

JP 

5P 

JP 

IP 

SP 

JP 

IP 

iP 

JP 

IP 

5P 

SUBJECT 




Plasma aUbrioe concentratioD (micrograms per 

liter) 





Bon 


4 

7 

4 

12 


2 

10 

17 

8 

11 


9 



9 

18 

17 

13 


17 

Ber 


6 

11 

6 

10 

16 

7 

13 

16 

10 

13 


12 



11 

14 

20 

7 

19 

18 

Bey 

Co 


5 

15 

5 


15 

4 

12 

20 

10 

12 





15 

19 

28 

17 

20 

23 


4 

8 

3 


13 

4 

2 


8 

11 


10 



11 

13 

17 

13 

23 

23 

G1 


3 

5 

2 

14 

6 

1 

9 

20 

8 

9 


10 



9 

11 

18 

13 

17 

21 

Do 


5 

8 


14 

15 

2 

13 

24 

11 

15 


17 



14 

14 

15 

15 



Cr 


7 

14 

4 

11 

14 

3 


23 

7 

10 


14 



12 






Di 


7 

15 

3 

16 

18 

4 

12 


12 

14 


14 



15 






Vfi 


2 

13 

S 

7 

10 

2 

7 

12 

6 

10 











Er 


4 

5 

2 

13 

11 

0 

7 

13 

8 

12 











Mean 


5 

10 

4 

12 

13 

3 

9 

16 

9 

12 


12 



12 

15 

19 

13 

19 

19 


2. The absolute value of the mean plasma atabrine concentration finally 
achieved and maintained in each individual on suppressive atabrine is determined 
by the extent of the localization of atabrine in the body and by the balance whic 
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IS struck between the eeUy dosage of atabnnc and its rate of degradation in the 
body This follois s from the facta that absorption is essentially complete in the 
normal mdividual at these dosage levels and that renal excretion is negligible 

As 13 to be expected then, the total amount of ntabnne administered each week 
IS a more important determinant of the plasma atabnne concentration, and hence 
the amount of antimalanal protection, than the exact dosage schedule by which 
the drug is administered Consequently, if it is found expedient to fix the rou- 
tine for a group of mdividuals so that each receives a regular amount of atabnne 
each day, then this routine should be as effective as, but no more effective than, 
a regime w hich spaces larger individual doses of atabnne at less frequent intervals 
throughout the week 

3 The equilibnum plasma atabnne concentration which is charactenstic of 
any dosage schedule may be achieved rapidlj hy the admimstration of a larger 
amount of atabnne over a relatively short penod of tunc (regime 0) 

It is difficult to evaluate the practical importance of this observation from the 
standpoint of the routine use of suppressive atabrme in an hj perendenuc area 
The incubation periods of the malanas arc usually longer than 10 days and a 
certam amount of protection is conferred by any of the commonly used regimes 
of therapy during this interval However, the observation is of undoubted 
importance when viewed m another light Circumstances are frequently en- 
countered where it is not possible to maintain continuity in the administration 
of atabnne for suppressive purposes It is to be expected that the amount of 
protection will progressively dmiinish with the progressive lowenng of the plasma 
atabnne concentration dunng a drug free interval The data collected on regime 
no 0 indicate that such individuals can be returned promptly to the point of 
maximal protection by a dosage schedule which administers additional atabnne 
at the time suppressive therapy is resumed There can be no question of the 
practicality of this procedure m such a circumstance or of a similar procedure 
when suppressive atabnne is substituted for suppressive quinine It must be 
assumed in each of these situations that the individuals concerned have malanal in- 
fections and that the time lag before the dev elopment of the clinical attack does 
not include an interval for the evolution of intermediate forms to the stage where 
trophozoites arc released ITie data on the rate of lowenng of the plasma ata- 
bnne concentration during a drug free interval are meager Such data, as are 
av ailable, indicate that, although the rate is vanable m the individuals of a group, 
it IS generally sufficiently high for a considerable proportion of the group to 
have had a significant loss of protection within a w eek 

4 The data show a fairly wide spread in the plasma concentrations achieved 
m the individuals of each group 

This IS particularly apparent in the group on regime 4 during the seventh 
w eek The mean minimal plasma atabnne concentration is 29 micrograras per 
hter dunng this week However, the spread in the individual determinations 
IS from 14 to 4S micrograras per liter 

Dtscxission Present suppressive atabnne therapy leaves much to be desired 
when applied to groups of wholly susceptible individuals in hj perendenuc 



320 


SHANNON -ET AL. ■ 


malanous areas. The occurrence of clinical malaria in an individual under these 
conditions may be related to the presence of a strain of plasmodia ivliich is un- 
UOTal y resistant to the action of atabrine, or, to a plasma atabrine concentration 
which IS insufHcient to prevent the exuberant groirth of the ordinary strains of 
plasmodia in a given geographical area. The correlation between antimalarial 
/ activity and plasma atabrine concentration is such that the individuals of a 
group lyith the lower plasma concentrations may be assumed to have a higher 
susceptibility to clinical malaria than the remainder under comparable conditions 
of exposure. The data presented above indicate that a fair proportion of any 
group on a regime of suppressive therapy will have plasma atabrine concentra- 
tions considerably below the mean of the group as a whole. The omission of 
individual doses or the presence of gastro-intestinal disturbances which may 
interfere with absorption may be expected to increase proportionately the number 
in a group who fall in the lower range of concentration. 

Climcal malaria, which develops subsequent to the withdrawal of an individual 
from an, hyperendemic area and the cessation of atabrine therapy, may also be 
related in part to the plasma atabrine concentration during an exposure and that 
subsequently maintained. Or again, it may be more intimately related to the 
characteristics of the infectious agent, or, to the frequency and size of sporozoite 
dosage. 

A decision on the relative importance of each of these factors in determining 
the attack rates of the malarias cannot be made with our present information. 
Other studies are obviously indicated. The distribution of plasma atabrine 
concentrations which are achieved in individuals on several dosage schedules 
of suppressive atabrine therapy should be described statistically in relatively 
large groups. These groups should be composed of individuals leading a highly 
active life under the environmental conditions which obtain in tropical and 
subtropical climates.^ Such data may then serve as a- background for other 
studies which determine the plasma atabrine concentrations of individuals on 
suppressive therapy at the time of appearance of clinical malaria. It must also 
be established whether there is a relationship between the plasma atabrine 
concentration during and subsequent to an exposure to infected mosquitoes 
and the development of clinical activit3' subsequent to the termination of sup- 
pressive therapy. It should be possible with these items of infonnation to define 
the relative importance of each factor which contributes to the establishment 
of malarial infections during and following suppressive therapy. It may also 
be possible to construct regimes of atabrine therapy which will yield reasonably 
predictable attack rates for a given geographical area. 

Meanwhile, it may be assumed with some confidence, that the concurrent 


' These observations should be controlled by a cross-sectional study of the plasma ata- 
brine concentrations achieved on a similar regime of suppressive therapy during continuous 
exposure to malaria. It may be assumed that a considerable number of individuals in such 
a croup will have contracted a malarial infection though there are no signs of clinical ac- 
tMty. However, the tissue response to the infection may influence degree to j^'ch 
atabLe is localized, or, the rate at which it is degraded to an extent which will alter th 
relationship between oral dosage and plasma atabrine concentration. 
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protection afforded an individual by suppressive therapj is proportional to the 
pla‘=!ma atabnne concentration maintained It may similarly be assumed, but 
vvith less certnmtj, that the ultimate protection is also determined m part by 
the concentration of plasma atabnne at the time of the inoculation of sporozoites 
or dunng the first few dajs of an infection, and, in part bv the concentration 
achieved and maintained thereafter There is much to be said, in this view, 
for a regime of suppressive therap 3 which confers the maximal protection from 
the first day of exposure to infected mosquitoes The general charactenstics 
of the metabolism of atabnne are such that this condition can be satisfied if 
suppressive therapy is imtiatcd some weeks before entenng an hjpcrendemic 
area or if large doses of atabnne are adminisleicd just before or dunng the initial 
da^s of the exposure 

Section III A^ vtion of SfvfhaiiRegimes op Atabrine Therapy 

Which May Be Used I^ the Treatment op Climcve Materia The observa 
tions summanzed m tlus section desenbe the relationship between a vanety of 
dosage regimes of atabnne which may be used in the treatment of climcal 
malaria and the plasma atabnne concentrations commonly achieved It is 
possible through these data to utilize the general information on the physio 
logical disposition of atabnne previously presented in establishing the more 
important pnnciples upon which rational atabnne therapy must rest 

ExT>cnmenial Methods The chemical method used for the cstimatioo of plasma 
Atabnne concentrations was the same as for those of Section II It is of practical impor 
tanco to appreciate that tho method is relatively simple when tho plasma atabnne concen 
tration is in the range usual!} encountered in the treatment of the clinical attack 

Clinical Material Patients were used who had just completed or were completing a 
course of therapeutic malaria Tho activity of the malaria in each case is rated as ++, +» 
or 0, depending on whether at the time atabnne was given, the patient had fever and 
parasitemia parasitemia but no fever or no fever and no parasitemia 

This type of clinical material is not suited to test the therapeutic efficacy of the several 
dosage regimes examined "Howev or, the mdividua^B may be expeeVed to bavo undergone 
A tissue response to the malarial infection stimlar to that which occurs in the naturally 
acquired disease This precaution was taken since the tissue response to a malanal infec 
tion ma> affect the extent of the localization of atabnoe or ita rate of degradation 

Ex-penmenfal rcstilfa Present routine therapj The plasma atabnne con 
centrations observed in ten consecutive patients receiving 0 1 g atabnne dihy- 
drochloride three times dail> are summanzed in table 6 These plasma ata- 
bnne concentrations inaj be taken as tj pical of tho'^e commonly achiev ed dunng 
the usual regime of atabnne therapy (2) It should be noted^ that the plasma 
atabnne concentrations arc gencrall} low during the initial dajs of therapy 
although they subsequentlv mcrea'm However, there is considerable vanation 
in the rate of the increase of plasma atabnne concentration and m the concentra- 
tion attained by the fifth to the seventh day There is no correlation between 
plasma atabnne concentration and bod} weight The lattei finding is true for 
the other regimes studied 

Other regimes of thcrapj The obvious inadequacies of this regime of therapy 
(see discussion) led to the inv estigation of others constructed in accord with more 
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rational therapeutic principles. All regimes have one feature in common. They 
are designed to achieve a high plasma atabrine concentration on the initial day 
of therapy and to sustain this throughout succeeding days. The number of 
patients used in each series is small but is adequate for the general purposes of 
this study. 

Intravenous atabrine: The intravenous administration of atabrine was first 
examined to determine whether this procedure is feasible as a routine measure to 
insure a high initial plasma atabrine concentration. The whole blood atabrine 
concentrations were observed in a series of patients following the intravenous 
administration of 0.4 to 1.0 gm. of the dihydrochloride. The chemical method 

TABLE 6 

Plasma aiahrinc concenlration during the oral administration of 0.1 gm. atabrine 
dihydrochloride three times daily 

These observations were obtained in a consecutive series of patients during the termina- 
tion of an attack of induced malaria. Each received 0.1 gram atabrine dihydrochloride 
three times daily after meals, the times being 7:00 A.M., 11:30 A.AI., and 5:00 P.M. The 
estimation of atabrine in the plasma was at 24 hour intervals. The blood sample being 
drawn at 11:00 A.M. Detailed information indicates that the plasma atabrine concentra- 
tion at the latter time is a fair reflection of the mean concentration during each 24 hour 
interval. 
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was not refined sufficiently, at the time, for application to the measurement of 
atabrine in plasma. However, some of the data are presented in table 7 since 
rather severe toxic reactions were encountered which precluded further in- 
vestigations of this type. • , u 

The reactions observed in patients Wo and Wa were charactenzed by a pro- 
found depression in the rate of respiration. In addition, Wo expenenced a 
mUd convulsive-like episode. The whole blood atabrine concentrations at which 
these occurred were in the order of 0.7 to 0.9 mg. per liter. These reactions oc- 
curred at dosage levels of 0.77 and 0.81 gm. It appears from the remaindc^i 
the data that amounts of atabrine dihy^drochlonde up to and including 0.4 gm. 



rSE or ATABRINB IN MALARIA 


323 


ma\ be administered intravenously to the average adult without adverse effects, 
providing the rate of administration is slow However, the procedure is not 
advised as a routine measure 

Combined intramuscular and oral atabnne One group of patients received 
an initial intramuscular injection of 0 4 gm of atabrme dihydrochlondc together 
with an oral do^e of 0 1 gm at 10 P M Oral doses, spaced at \ arjang intervals 
M ere then given for a varjnng number of days Data from a series of these pa- 
tients are summarized in table 8 A high plasma atabnne concentration which 

TABLE? 

TT AoZe blood coneenlraiion of alahrine follomng the intravenous infusion of atabnne 
dthydrocklonde 


0 5 gram of atabnne dibydrochlonde was initially administered intravenously by syringe 
(30 minutes) , the remainder w as then run m by slow infusion The rate of atabnne admm 
istration is calculated as the mean rate for the total dosage 
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97 
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* Severe toxic symptoms at this time 


is consistently reached within three hours after the injection may be taken to 
mdicatc that atabnne administered by this route is rapidly absorbed As is to 
be expected the plasma atabnne concentration dunng subsequent days reflects 
the size and frequency of the maintenance dose to an ever increasing extent 
However, it is apparent from these and other data that 0 1 gm atabnne dihy 
drochlonde three times daily will not usually maintain a plasma atabnne con- 
centration m excess of that which is achieved follomng the intramuscular 
injection of 0 4 gm of the drug 
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Oral atabrine: A regime of therapy which includes an intramuscular injection 
may not be generally practical. Consequently, other regimes were examined 
which are designed to produce a high initial plasma atabrine concentration by 
the oral administration of atabrine. In the first of these (table 9), 0.2 gm. of 
the hydrocWoride is administered each six hours for the first day, thereafter 0.1 
gm. is administered at eight hour intervals. The large oral doses do not sys- 
tematically produce as high a plasma atabrine concentration during the initial 
hours of therapy as when a portion of the atabrine is administered intramuscularly 

TABLE 8 

Plasma atabrine concentration during the therapeutii administration of atabrine 
dthydrocklortde by combined intramuscular and oral routes 
These observations were obtained in a series of patients during the termination of an 
attack of induced malaria. Each received an initial intramuscular injection of 0.4 gram 
and an oral dose of O.l gram atabrine dibydrochloride at 10:00 PM. followed by 0.3 gram 
orally distributed throughout the next 12 hours. The atabrine was administered in 0.1 
gram doses on the subsequent days after meals at 7 :00 A.M. and 5 P.M. when 0.2 gram were 
given and at 7:00 A.M. and 11:30 A.M., and 5:00 P.M. when three doses were given daily. 
The estimation of plasma concentration was three hours after the initial intramuscular 
injection and daily at 11:00 A.M. thereafter. 
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although the groups are too small for a precise comparison. However, the plasma 
atabrine concentrations are of the same order at the end of 24 hours ; on the regime 
of oral therapy varying from 19 to 124 micrograms per liter whereas the vanation 
in the group receiving intramuscular atabrine is from 34 to 121 . The subsequent 
course of the plasma curves indicate that a low value at 24 hours with the in- 
tramuscular atabrine is a reflection of a higher than usual rate of degradation 
while the low plasma concentrations observed at this time in some of tee 
patients on exclusively oral therapy may be in part a reflection of the less com- 
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plete absorption of the atabrine at the high dosage level (c.f. table 4). Again, 
the plasma atabrine concentrations during the later days of the regime we 
dominated to an increasing extent by the mwntenance dosage. The plasma 
levels of the individuals of the group vary widely although the group as a whole 
tends to stabilize after several days in the range of 50-100 micrograms per liter. 

Another regime of therapy examined consists of the oral administration of 
0.2 gm. atabrine dihydrochloride at six hour intervals for two successive days ftnd 

TABLE 0 

Plasma alabrtne eoncenlralion dunng the oral admtntslralton of alahrine hy regimes which 
are designed to produce high tmltaZ plasma eoneentralions 
These observations were obtained in a series of patients during the termination of an 
attack of induced malaria. The dosage regime administered 0 8 grams atabrine dihydro- 
chloride on one day followed by 0 1 gram three times daily thereafter. The largo initial 
doses were adminialered in 0 2 gram doses after each of the three daily meals with an addi- 
tional dose between 8i00 and 9*00 P.M. The Bustaining 0 1 gram doses were also adminis- 
tered after the daily meals at 7:00 AM , H:30 AM., and 5 00 P.M. The estimation of 
atabrine concentration in the plasma xias at 24 hour intervals, the blood samples being 
drawn at 11:00 A.M. 
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0 1 gm three times daib' thereafter for an extended period of time These ob- 
servations were designed to determine whether two days of high dosage produce 
more uniformly high plasma concentrations during the early days of therapy 
than when a high dosage is given for a single day ; also whether such a high dosage 
is accompanied by a significant number of gastro-intcstinal reactions. The 
administration of the maintenance doses for a longer period of time was designed 
to determine whether an cquilibmim between oral dosage and plasma concentra- 
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tion IS usually achieved on such a regime by the seventh day or whether the 
con^ued administration of atabrine at this dosage level is accompanied by a 
further increase in plasma level and perhaps toxic reactions of a sj'stemic nature. 
These observations are summarized in table 10. 

ffigh initial plasma concentrations are the rule with this regime and most 
patients accept the large doses -svithout serious gastro-intestinal’ disturbances. 
The plasma atabrine concentration is stabilized well before the seventh day and 
no increases were seen with a continuation of the maintenance dosage. The 
plasma concentrations observed were in the same range as in the case of the 


TABLE 10 

Plasma atahrine concentration during the oral administration of atabrine by regimes which are 
designed to produce high initial plasma concentrations 
These observations were obtained in a series of patients during the termination of an 
attack of induced malaria. The dosage regime administered 0.8 gram atabrine dihydro- 
chloride on each of two consecutive days followed by 0.1 gram daily thereafter. The large 
initial doses were administered in 0.2 gram doses after each of the three daily meals with 
an additional dose given between 8:00 and 9:00 P.M. The sustaining 0.1 gram doses were 
also administered after the daily meals at 7 :00 A.M., 11:30 A.M.^and 5:00 P.M. The esti- 
mation of atabrine concentration in the plasma was at 24 hour intervals, the blood samples 
■jbeing- deawn at 11:00 AM. each day. 
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previous regime (table 9) but generally somewhat higher. No significance may 
be attached to the difference in view of the variation observed in each group and 


the number of subjects studied. 

The remainder of the regimes examined do not warrant special presentation. 
It was demonstrated that adequate plasma atabrine concentrations can be 
maintained for one or several days by the exclusive use of parenteral atabrine. 
The plasma atabrine concentrations though generally higher are _m the same 
ranee as when similar amounts are given orally. Followng an imtial intramus- 
cular injection of 0.4 gm. atabrine dihydrochloride serial injections of 0.2 grams 
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may be given for two or three doses at eight hour intervals and continued at 
12 hour intervals until oral administration is possible Extended parenteral 
atabnne therapy is rarely warranted Other observations indicate that an 
elevation of the daily maintenance dose from 0 3 to 0 4 gm atabnne dihydro 
chlonde or higher is accompanied by a roughly comparable ele\ ation of the range 
of plasma atabnne concentrations An insufficient number of patients have 
been observed on dosage regimes m excess of 0 4 gra daily to be certain hou 
high the dailj maintenance dose may be placed mth safety 

Toxic Manifestations Particular attention was paid to the presence or ab 
sence of adverse reactions vhich could be attributed to the larger oral doses of 
atabnne or to the high plasma atabnne concentrations A few minor reactions 
were observed However, none was sufficicnllj severe to require either the 
withdrawal of the drug or a senous modification of the dosage regime The 
data on the mdmduals showing adverse gastro intestinal reactions do not in 
dicate that the reactions scnously modified the plasma atabnne concentrations 
achie\ed although bnsk diarrheas may be expected to do so bj limiting the 
completeness of absorption from the gastro intestinal tract Several psjehoses 
w ere encountered It is difficult to be certam that these w ere due to the atabnne 
alone since each patient had some neuro psychiatnc changes due to the under 
lying C N S syphihs 

The acute toxic reactions encountered with intravenous atabnne deserve some 
special comment The amount of atabnne per kilo of body weight as well as 
the rate of administration was low in each of these cases as compared to the 
amount and rate required to produce a toxic reaction m the dog (10) The 
severity of the reactions, together with the latter fact may indicate a specific 
susceptibility on the part of the human subject It is logical to suppose that 
such a susceptibility is related, at least m part, to the slower and less extensive 
localization of atabnne in the human subject (Section I) In any case, the ob 
servations indicate that the intravenous admimstration of atabnne is not ad- 
visable as a routine measure m the treatment of human malana It should be 
noted that whole blood atabnne concentrations, m the range which obtained 
during these toxic manifestations, are frequently exceeded without adverse 
effects when the atabnne is administered orally over a period of day’s This is 
not a surprising finding The plasma atabnne concentration dimng and just 
following an intraxenous mjection of atabnne may bo expected to be disporpor 
tionately high as compared to that at a similar x^hole blood concentration when 
the atabnne is given in a more conxcntionil manner 

Discussion The data, in general, reflect the properties of atabnne winch 
result in its extensn e localization m specific organs This feature of the physio 
logical disposition of atabnne tc^cther with low rates of degradation and ex 
cretion lead to the retention of atabnne iii the body An appreciation of the^e 
general charactcnstics is impoitant in viewing antimalarial therapy in relation 
to the ends which such therapy should satisfy Briefly, these arc a prompt 
recession of clinical activity and a final termination of the infection 

An acute recession of the clinical manifestations of mal iria is not to bo expected 
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mth the usual repme of therapy (i.e., 0.1 gm. atabrine dihydrochloride three 
tunes daily). This follows from the low plasma atabrine concentrations which 
are so frequently observed during the initial days on this regime. The delay 
in the therapeutic response has led to the general use of a preliminaiy two or 
three day course of quinine. Atabrine was then administered for a five day 
period in the usual dosage (11), The latter procedure generally produces the 
desired acute recession of clinical attack. However, such combined therapy 
has not proven altogether satisfactory. It is to be expected that on this regime 
a small proportion of patients ivill not attain a sufficient concentration of quinine 
in the plasma to produce a prompt cessation of clinical activity (5). More 
important, perhaps, is that a fair proportion of individuals ivill only attain low 
plasma atabrine concentrations by the fifth day. It is unlikely that the latter 
patients wilt receive the maximal therapeutic benefit which is to be derived from 
the atabrine. The high proportion of short term recrudescences which have 
been encountered with this regime of combined therapy may result in part from 
the latter circumstance. It is logical to suppose, from these considerations, that 
such combined therapy is not certain to achieve either of the two ends which 
are so desirable in all antimalarial therapy. 

Rational regimes of antimalarial therap 3 ' should be designed along commonly 
j 'accepted principles of chemotherapy. The latter are well exemplified by the 
present usage of the sulfonamides in the treatment of acute infections, i.e., 
sufficient drug is. administered on the diagnosis of a disease to obtain the desired 
blood concentration and the latter is then maintained by the serial administration 
of smaller doses. These principles are related in a simple fashion to the use of 
atabrine by the data presented in tables 8, 9, and 10. It is suggested that a 
regime of the general type which administers 0.8 gm. of atabrine dihydrochloride 
on each of one ot two days and 0.3 gm. each day thereafter has much to recom- 
mend it as a therapeutic procedure. However, such a dosage schedule may be 
considered to administer the minimal rather than a maximal amount of drug. 


The amount required or rather the plasma concentration which is necessary 
to obtain the maximal therapeutic benefit of atabrine as well as the duration 
such a concentration must be maintained can only be determined by quantita- 
tive studies on the naturally acquired disease in wholly susceptible patients. 


These studies must take into account that the duration of the therapeutic effect 
extends well beyond the time during wWch the drug is administered. 

The experience of this Service indicates that most patients in fair physical 
condition ivill tolerate the oral administration of 0.8 to 1.0 gm. of atabrine 
dibydrochloride in 24 hours without undue distress. However, the parenteral 
administration of a portion of this initial amount is frequently advisable. Dys- 
entery is a fairly common concomitant infection in patients with malaria. Also, 
a small proportion of individuals on high oral doses of atabrine may be expected 
to develop a diarrhea. Either of these complicating factors may interfere with 
the absorption of the drug with a consequent loss in therapeutic benefit. T is 
dual uncertainty argues against the use of an exclusively oral route m paticnte 
where an immediate chemotherapeutic effect is required. It is suggested tnat 
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0 4 gm of atabnne dihydrochlondc be adnumstcred mtramuscularlj to such 
patients on the diagnosis of the disease and that 0 1 gram of atabnne be ad 
ministered orally at that time and at not less than six hour intervals dunng the 
first 24 hours and at not less thcan eight hour intervals thereafter Such a 
regime ^\lll assure an initial plasma atabnne concentration ivhich should be 
adequate to produce an acute recession of the disease and this concentration 
■will be approximately maintained dunng the subsequent dajs of therapj It 
13 possible to use an cxclusnclv parenteral route for the administration of ata 
brine vhen neccssarj, although this is mrelj neecssarj 
The parenteral administration of atabnne bas fallen into disrepute despite 
a general acceptance that intramuscular atabrinc produces a most acute termina- 
tion of clinical malana (2) The reasons arc quite specific and while they do not 
bear directly on our present problem thej warrant some mention The majonty 
of clinicians, who ha\c supported this form of tlierap) , have utilized it exclusively 
rather than as an adjunct to the oral administration of the drug because of specific 
indications A second objection has arisen from the local irritation which is 
caused bj the intramuscular injection of atabnne musonate (diethyl sulfonate) 

It has been the experience of this Service that the intramuscular injection 
of the dihydrochlonde is not attended bj sufficient local discomfort to pre 
elude this form of medication 

The abo\ e discussion relates more to the treatment of the usual patient with 
a malarial infection than to the patient who presents a specific therapeutic 
problem The latter category includes individuals who manifest breakthroughs 
of clinical activity while receiving what is generally adequate supprcssiv e therapy 
« for a given geographical area, those who do not respond to therapj with a prompt 
disappearance of paroxjsms and parasites, and those who mamfest a recrudes 
cence of clinical actiMty shortly after the termination of therapy 

The factors which ma> be involved in a breakthrough of chnical activity 
whffeoa suppressive atabrmc therapy hsiebecfl mentioned in Section 11 They 
require some repetition, in relation to subject material of the present section, 
because of their direct bearing on the problems of definitive therapy The 
failure of suppressive therapy in a given individual may be accepted as a specific 
indication that the clinical attack m this individual constitutes a therapeutic 
problem It must be presumed, providing it is known that he has received ata- 
bnne m amounts which are adequate to prevent clinical malana m a group as a 
whole, that ho departs from the usual becau^ of the characteristics of the offend 
mg plasmodium or because of physiological considerations which limit the 
effectiv eness of the administered atabnne Among the latter considerations are 
the absorption, localization, degradation, and excretion of atabnne which to 
gether with the dosage schedule determine the plasma atabnne concentration on 
any regime of therapy The sum of thc*« separate physiological processes may 
be such m an individual, that the plasma atabnne concentration attained is 
compatible with the exuberant growth of a given stain of plasmodia It is to be 
expected that the same factors w ill operate to produce a low er than u‘5ual plasma 
atabnne concentration when full tlicrapeutic doses of the drug are administered 
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It would be hazardous, in such a situation or when an infection is due to an 
atabrine resistant strain of plasmodium, to expect the usual cHnical effect from 
any given dosage regime of atabrine. 


SUMMAKY 

The important factors which are concerned with the physiological disposition 
of atabrine have been defined. 

*rhe distribution of atabrine in the blood is such that observations on its spe- 
cific antimalarial action should be related to the concentration of the drug in 
the plasma and, perhaps, indirectly from this, to its concentration in plasma 
water. The plasma atabrine concentration achieved after single or serial doses 
is dominated by the tendency of the organs of the body to localize the ma- 
terial within them and by the slow rate at which the drug is degraded. These 
characteristics are reflected in the low plasma atabrine concentration which 
is reached after a single dose of atabrine as well as in the low rate of renal 
excretion. They also, together with the low excretion rate, are reflected in 
the slow rate of fall of the plasma atabrine concentration on the termination 
of therapy and by the progressive accumulation of the drug in the body when 
serial doses are administered over a period of days or weeks. 

The administration of repeated doses eventually results in the attainment 
of an equilibrium between the amount of drug administered and its localiza- 
tion, degradation and excretion. Thereafter, fairly constant plasma atabrine 
concentrations are maintained with a continuation of the dosage schedule. 

The practical importance of the above factors has been examined by a study 
of the plasma atabrine concentrations achieved in groups of individuals on 
various regimes of supressive and definitive therapy. 
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In studies of the metabolism of iodine, particularly in relation to endocnne 
function, it has become clear (1, 2, 3) that the function of the thyroid gland 
can be measured with considerable confidence by the newer methods of micro- 
analysis for iodine Unfortunately, at the present time, the best methods avail- 
able require 6 to 10 cc of serum or plasma This amount, although a great 
improvement on former methods, nevertheless hmite seriously the use of lodme 
analysis This is true because duplicate analyses are essential and it is difficult 
♦o obtain the requisite amounts of 25 to 40 cc of whole blood repeatedly from 
“ven an adult patient, and also because the methods are useless for experimen- 
tation with small animals In consequence, despite the demonstration (2) that 
the function of the thyroid can be measured eatisfactonly by blood analysis, 
the method is not generally used either m the clinical or m the expenmental 
laboratoiy 

In order to implement our present knowledge and make it available for general 
use it will be necessary to devise methods which employ amounts of serum of 
the order of 1 cubic centimeter or less It is the purpose of this paper to desenbe 
such a method, adapted to higher concentrations of iodine such ns are encoun- 
tered m the use of therapeutic agents contammg iodine A companion paper, 
published elsewhere, will desenbe a modification devised to cover the more 
“physiological” range of normal and abnormal thyToid function (4) 

The method employed was suggested by Chancy (5) and based on the work 
of Sandell and Kolthofl (6) who studied the action of iodine as a catalyst upon 
the following reaction 

2 Ce^ + As"* 2 Ce™ + As^ 

(Yellow) (Colorless) 

In the course of this reaction the yellow cenc ion changes to the colorless cerous 
ion This change can be measured in a photoeicctnc colonmeter such as the 
Klett-Summerson (7) If the mixture is kept at a standard temperature, the 
speed of the reaction will be a function of the iodide concentration present m the 
solution 

Analytical procedure The method used was a modification of the tcch- 
mques employed by Kendall (8), Perkin (9) and Grodk (10), combined ivith the 
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method of Chaney (5) These techniques have been modified considerably so 
t at the whole method as it is now described should be considered as an entity 
without bhnd attempts to substitute the technical details of the original authore. 

Preparalton and oxidation of organic materials. Before the iodine in thyroid 
or serum can be determined as iodide, the organic matter must be ashed. Prior 
, to ashing, it is essential to reduce the sample to a homogeneous liquid. In so 
doing, .it is necessary to bear in mind the ultimate concentration of iodide which 
will be attained. This problem is approached as follows. 

Determination of thyroid iodine. One milligram of fresh normal thyroid con- 
tains approximately 0.4 microgram of iodine. This amount corresponds to the 
middle of the range of samples under discussion. The amount of fresh gland 
represented in this one-milligram sample would be readily available in most 
experiments involving small animals. 

The dissected glandules are kept in a moist chamber preparatory to weignmg. 
They are then transferred to a previously tared tiny glass cup Which is in readi- 
ness on the balance pan. After weighing the tissue is placed in a tube graduated 
at 5.0 CO. with 1.0 ce. of 2.0 N sodium hydroxide. By triturating, rubbing, 
stirring and warming a homogeneous near-solution is obtained. The volume is 
finally made up to the 5.0 cc. mark, and appropriate samples measured out for 
oxidation and analysis as described later. 

Characteristic values for the thyroid of an adult male rat were as follows: 
Fresh tissue weight, 11.4. mgm. Iodine in 0.5 cc. sample (one-tenth of total) 
was 0.427 microgram. Total iodine in the thyroid tissue 4.27 micrograms. 
Concentration in fresh thyroid 0.038 per cent. 

Determination of Serum Iodine. Serum is preferable to plasma because its 
electrolyte content will not have been altered by anticoagulants. The serum 
is oxidized directly as described below, without preliminary treatment. The 
usual sample is 0.5 to 1.0 cc., accurately measured. In Table I are given repre- 
sentative determinations of the iodide (a) in two lots of pooled human serum 


and (b) in the serum of a single patient. In both instances the concentration 
of total iodine in the serum was determined first and then the concentration was 
measured after reinforcement of the serum with known amounts of iodide. It 
will be observed that a standard error of less than ten per cent is to be expected 
for averaged duplicates and this is sufficient for most clinical and biological 
purposes. The accuracy can be improved by more careful thermostatic control 
of the temperature at which the reaction takes place, but it is debatable whether 


this refinement is needed. 

Combustion of Organic Materials. Into a pyrex test tube (of approxunately 
1 cm. internal diameter and 10 cm. length) is placed 2.0 millimols, i.e., 212 milli- 
grams, of anhydrous sodium carbonate (iodine-free) and a small amount of water 
sufficient to dissolve the carbonate. To this solution is added 1 cc. of serum, 
or an appropriate sample of thyroid extract. The tube is then clamped in an 
inclined position so as to rest in warm water at about 50 C. and a bl^t o air 
is sucked through a capUlary over the surface of the solution. As the iquid 
evaporates, the tube is rotated occasionally in order that the dned matenal may 


IODINE IN BLOOD AND THYROID 


333 


TABLE I 


Total iodin« tn pooled serum* 
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9 
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Total todine in a sinple Aumon serumf 


0 9 

0 * 

4 5 

4 4 

0 9 

0 I 

3 0 

4 4 

0 9 

0 

6 0 

4 4 

0 9 

20 

20 

24 

0 9 

10 

16 

14 


* This pooled serum was obtamcd at random from various patients whose lodme intake, 
dietary or medicinal, was not controlled 
t By TUggs Man (16) method 4 9 


be smeared evenly about the inside of the t<st tube The tube is next placed 
m an electric muffle furnace (A convenient apparatus is that manufactured by 
the Will Corporation, Rochester, New York, rangmg up to 1100®C ) 
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Dumg the initial stages of the heating care must bo taken not to heat too 
fast, else entrapped steam will explode and blow the contents of the tube out 
into the furnace. Once the material is sufficiently dried, however, the tempera- 
ture can be elevated rapidly in the course of thirtj’’ minutes up to exactly 600°C. 
After thirty minutes the temperature is lowered to 550°C., and is maintained 
at this level for two hours longer. The oven is then allowed to cool rapidly 
and the tube removed. With materials low in iodine, the contents of the tube 
may be dissolved by trituration in 1.9 cc. of distilled water, to which is added, 
subsequently with caution 2.0 cc. of 7 Normal sulfuric acid. 

Next, a suitable aliquot (e.g., 1.5 cc.) of the contents of the digestion tube is 
transferred to a tube graduated at 5 cc. Enough additional sodium carbonate 
is added to bring the total contents of the tube to one millimol or 106 milligrams 


TIViE, minutes 



Fig. 1. By measuring the time required to reduce a certain fraction of the substrate, the 
iodide concentration can be estimated, if other variables are appropriately controlled. 

of sodium carbonate. Thus the total content of sodium will be 4.0 milliequiva- 
lents. Enough acid is added to bring the total present up to 1 cc. of 7 M. Then 
distilled water is added to the 5.0 cc. mark. After thorough mixing of the 
solution, a 3.0-cc. sample is pipetted into a Iflett-Summerson colorimeter tube. 
Then the standard amount of ceric solution is added and the reaction is initiated 
by addmg arsenious acid at zero time followed by enough water to adjust the 
volume. It is well to use a knowm standard solution in association with several 
unknown solutions as a cheek on the colorimetric procedure, which is descnbd 
in detail below. H desirable, the content of the unknown tubes can be estimated 
as an inverse proportionality Oog-log function) to the known sample. Other- 
wise, the concentration of unkno^vn iodide can be read from the chart shown in 

^^^hrimeiric Procedure. The colorimetric procedure is based upon the rate of 
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reduction of the yellow cenc ion to the colorless cerous ion For this purpose 
one must (a) prepare suitable reagents, (b) determine the reduction rate of 
known standard solutions, and (c) estimate the unknown by comparison with 
the known rate of reduction 
The following reagents must be prepared 

Water Distilled water is redistilled m an all-glass distillation apparatus con- 
taming about 20 grams of NaOH The distillate is discarded until it becomes 
neutral to methyl red 

Other reagents No attempt has been made to repunfy the other reagents used, 
but the purest grade available has been selected 
Lovj-Nxirogen Sulfunc Acid (Mallmckrodt's CP) has been found virtually 
lodme free by the permanganate method (12) From this matenal a 7 N aque- 
ous solution IS made 

Standard solution of potassium iodide This is a stock aqueous solution con- 
taimng 261 6 nulhgrams of potassium iodide per liter 

Working standard 1 cc of the stock solution is contained m 100 cc of solu- 
tion, made up with distilled water 

Cene amnwmimn sulfate A reagent grade of cenc ammonium sulfate may be 
obtained from the G F Smith Company, Columbus, Ohio The 0 05 M cenc 
solution used contains 29 73 grams per liter and is standardized occasionally 
against 0 1 N arsenious acid 

Arsenious acid 0 1 N (MaUinckrodt, A R ) is prepared by dissolving 4 947 
grama of AsjOj in 0 01 N HjSOi, and making up to one liter volume 
Colonmetry First of all one must determine the rate of reduction m the pres- 
ence of known amounts of iodide The procedure is as follows 
A convenient test tube, calibrated at 5 cc volume is used Into this tube is 
placed 106 milligrams of sodium carbonate (anhydrous), weighed within 1 milli- 
gram, or dehvered quantitatively in the form of a 20 per cent aqueous Bolution 
Half a cubic centimeter of water is added, and the desired aliquot of a standard 
iodide solution is added Next 1 0 cc of 7 N sulfunc acid is added, or an appro- 
pnate amount corresponding to the acid m the compamon unknoivn tube Dis- 
tilled water is then added carefully to the 5-cc Ime and the contents of the tube 
well mixed wth a 3 cc pipette by drawing the solution into the pipette and 
expellmg two or three times Next, 3 cc of this solution is drawn up mto the 
pipette, and the contents are placed in a IGett-Suramerson colorimeter tube 
To the 3 cc of solution is added 1 2 cc of distilled water and 0 2 cc of cenc 
ammonium sulfate solution (0 05 N ) The contents of the colorimeter tube are 
well imxed by rocking the tube slightly or by tappmg it, and the tube is held 
under a warm w ater tap at about 32 degrees centigrade The time reaction will 
now begin on adding the arsenious acid solution (0 1 N ) 

With a stop watch m readmess, 0 5 cc of the arsenious acid solution is added, 
followed by a few drops of water to make the contents of the tube up to the 5-cc 
mark At this time the stop watch is started at zero The contents of the tube 
are stirred quickly with a small thermometer and held under the water tap to 
adjust the temperature close to 32 degrees centigrade The outside of the tubo 
IS dned, and successue readings arc made m the Ivlett-Sumraerson colorimeter 
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at intervals of one minute until the residual substrate reading is approximately 
130 on the dial. During the process the precise times at which the 160 mark 
and the 140 mark on the colorimeter was reached are noted. At the end of the 


TABLE II 

Typical protocols, showing catalytic effect of final sample (representing { of the iodide 
indicated). Temperature, SS°C ± 1 


ynAlUACOLOCICAL HAMCE (uiCSOCSAXtS OP IODIDE X 100) 
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• The reading at zero time inevitably is taken late, and is therefore unreliable. 


procedure the temperature in the solution is taken again, and the average tem- 
perature over the entire course of the reaction is estimated. 

The success of this method depends upon the colorimeter’s being so well 
insulated that it itself acts as a thermostatic air bath. With a little ingenmty 
this arrangement may be achieved, and the great convenience of avoiding a 
separate thermostatic apparatus compensates for the small loss m accuracy which 
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IS inevitable Tor greater accuracy a thermostat i\ater-bath may be employed, 
and the extent of reduction measured at mtervals of fi\e minutes 

TABLE III 


Calculation of iodide based on time required {at db 1) to reach a given residual substrate 
concentration 


CHO^ IODIDE 

Mg X 100* 
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• Although the iodide eamples represent amounts expected m 1 cc of serum, they are 
presented in terms of concentration per 100 cc 


TABLE IV 

Calculation of iodide based on residual substrate concentration at certain time infcrvats 


AKOUKT or lODISC 
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Computation of standard cuncs In Tables II, III and IV arc presented clnr- 
actcnstic data obtained with knotvn amounts of iodide It t\ill be obsert cd that 
these data maj be used in one of two ways First, it will bo noted that under 
certain fortuitous combinations of conditions the time required to reach a certain 
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reading, e.g., 140, is inversely proportional to the amount of iodide present when 
plotted on log-log paper. Such calculations are illustrated in Table II, both for 
the reading 160 and the reading 140. Secondly, estimation of the iodide present 
may be based on the residual substrate concentration at certain definite time 
intei-vals. This method is illustrated by Table III. 

It is convenient to have these data plotted in the form of graphs as illustrated 
m Figure 1, which simply presents in graphic form the data of Table II. It will 
be noted from Figure 1 that the time intervals at which a certain colorimeter 
reading is reached is nearly a straight line when plotted on log-log paper against 
the corresponding samples of iodide. 

Discussion. It should be emphasized that a number of variables influence 
the speed of this reaction. Among these, the chief are 1) iodide concentration, 
2) temperature, 3) concentration of electrolyte, and 4) concentration of hydro^ 
gen ions and other .specific ions, notably osmium (6). The method, therefore, 
involves a high degree of empiricism, and it is essential that each worker deter- 
mine his own nomogram (11), according to the circumstances under which the 
catalytic effect is measured. Because the rate of reaction is influenced by the 
, total electrolyte content of the system, the total sodium in the solution must be 
j controlled accurately. 

The general method under discussion has been tried and discarded in several 
laboratories because it was assumed that the rate of reduction would be constant 
in all laboratories and under all conditions, \vithout due regard to the several 
variables involved. Absolute control of these several variables is essential. 
WTien the proper precautions are observ'ed, however, the method is simple and 
rapid in comparison mth micromethods now in use. 

Because of the empirical nature of this method, it is essential that each investi- 
gator determine his own charts of standard values for known amounts of iodide. 
The chief difficulty which may arise in the colorimetric procedure is through 
accidental contamination with mercurjL It was demonstrated by Sandell and 
Kolthoff (6) that mercuric ion “poisoned” the catalytic effect of the iodide by 
forming mercuric iodide w’hich is insoluble. If this contamination should occur, 
as suspected from lack of progress in the reaction, it may be “tested for” as 
follows. A standard amount of known iodide is added to such a reaction mixture 
immediately after the usual colorimetric procedure. Then an appropriate 
amount of ceric solution is quickly added, and the course of the reaction is 
followed as usual. A .slight correction must be made at the end for the undue 
dilution of the reaction mixture. From such an experiment, however, it will 
be seen quickly whether the environment is favorable to the catalytic reduction 
of the ceric ion. 

In the course of time, both the working standard solution and the arsemous 
acid become weaker in their effects. The precise reasons for this are not yet 
clear, but the difficulty can be met readily by renewing the solutions. In par- 
ticular, the w'eakening of the arsenious-acid reductant tends to slow the course 
of the reaction. This result rvill be detected if occasional known solutions of 
iodide are measured, as controls. 
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Certain modifications may be adopted by the individual ^\orker For ex- 
ample, instead of reading e\ cry minute it may suffice to read c\ crj fi\ c minutes, 
or to take the reading at the end of a known period 
In some cases it wll be desirable to separate the protein-bound iodine from 
the total iodine This procedure is not discussed m the present communication, 
because it has been dc'^enbed at length elsewhere (12, 13, 14) 

SUMMARY 

Although the measurement of iodine concentration m the blood plasma is of 
considerable interest in connection with the use of lodine-containing drugs, the 
best methods now a\niKblc require nearly 40 cc of blood for duplicate analyses 
of blood at physiological concentrations This fact limits the use of such 
methods m man, and prohibits them m small animals The present communi- 
cation describes a micro-analvtical technique which will yield duplicate analyses 
from 2 cc of blood plasma or scrum The method in\ olves the catalytic effect 
of iodide upon the reduction of cenc ion The technique is colonmetnc and is 
adaptable to standard photoelectnc colonmetcrs such as are available in many 
laboratories at the present time 
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There is a number of conditions in which rapid and shallow breathing occurs in 
spite of the absence of any recognised change in the chemical stimulus to the 
respiratory centre. These include experimental starch embolism (Dunn, 1); 
(Binger, Brow and Branch, 2), perhaps cardiac dyspnoea (Christie, 3), and blast 
injury to the lungs (Krohn, Whitteridge and Zuckerman, 4). During some work 
on these conditions, we encountered complaints of respiratory disturbance dur- 
ing anaesthesia ivith trichlorethylene. This anaesthetic produces rapid and 
shallow breathing which is very readily reversible. We have therefore investi- 
gated the effects of trichlorethylene on the vagal afferent sy’stems, and have 
compared, them with those of other anaesthetics which do not usually cause 
conspicuous respiratoiy changes. 


METHODS 

For the study of the activity of vagal endings in the lungs we have used cats, 
decapitated under ether and left for 1-2 hours to allow the anae.sthetic to blow off. 
2 mg. atropine was inj'ected before to prevent bronchial secretion and reflex 
bronchial constriction. Their lungs were inflated by a small all-metal pump of 
variable speed and stroke volume with an electromagnetic expiratory valve, 
which opened at the end of inflation. The arrangement is similar to that of a 
Starling Ideal Pump. The resistance to inflation was measured optically by a 
calibrated membrane manometer connected to the side tube of the tracheal 
cannula. 

Single fibre preparations were obtained by cutting do-rvn the vagus with sharp 
needles and mounting on moisture-resisting electrodes (5). 

Impulses w'ere recorded with a resistance-capacity coupled amplifier of con- 
ventional design and a cathode ray tube, and simultaneously followed with a 
loudspeaker. The animals’ head and chest lay in a moist chamber. In a few 
experiments the pressure in the right ventricle has been recorded by inserting 
into it a needle which was connected by a lead tubing to a membrane manometer 
similar to that described by Hamilton, Brewer and Brotman (6). Possible 
changes in the resting level of air in the chest were minimised by allowing as long 
as possible for expiration, and checked by including a 10 1. reservoir bottlein a 
closed circuit with the pump and the cat, and recording the pressure changes in 
the bottle optically from a third membrane manometer. No COj absorbent wa.s 
included, and the closed circuit was therefore used for short periods only. 

In a few experiments, curarised decapitate and decerebrate animals were 
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used in order to exclude any active contraction of respiratory muscles There 
were no differences bctivecn the behaviour of these animals and that of decapi- 
tate animah \vithout curare 

For the mvcstigation of changes m the volume of air m the chest decerebrate 
and anaesthetised animals were enclosed in an air tight respiration chamber of 
about 15 I capacity with external connection for the tracheal tube The air 
displaced from the chamber was recorded bj asmall Krogh spirometer In some 
experiments, impulses m \agal single fibre preparations were recorded simul 
taneously Small doses of nembutal wore sometimes given to these decerebrate 
cats m order to dimmish their hyporexcitabililj 

In the course of some perfusion experiments on cats’ lungs m situ, to be 
published eKewherc with a full description of the technique, we made a few ob 
servations of the action of anaesthetics for control purposes 

In experiments on rabbits a sample of diaphragmatic activ ity was obtained by 
recording the contractions of a \iphistcmal slip The technique desenbed bj 
Head (7) was closelj followed, with the exception that we sometimes split the 
xiphistcmum in the mid line and used only one of the diaphragm slips For 
cooling the vagi w e used a silver plated tube bent m the shape of a W and slipped 
under both nerves This w as cooled by bnne and its temperature recorded by 
a thermocouple on the outflow 

The anaesthetics were administered by means of Oxford \ aponsers specially 
adapted and calibrated in volume percentage for use with animals bj Dr H 
Epstein of the Nuffield Department of Anaesthetics Mixtures of cyclopropane 
and of nitrous oxide with oxygen (containing 6% COj) were made up in Douglas 
bags Our source of tnchlorcthylcne was Tnlcne made bj I C I (Pharma 
ceutical), and wc used chloroform and ether from different manufacturers For 
divinylethcr, we used Vincsthcnc (Maj and Baker, Ltd ) containing 96 5% 
di\ inylothcr and 3 5% absolute alcohol 

RESULTS 

1 Cxpenmcnls on decapitated cate 

In by far the largest number of vagal single fibre preparations the impuhes 
hav c a respiratory rhythm and increase in frequenej with expansion of the lungs 
Such ‘stretch’ endings produce an inhibition of inspiration, (8) The exact 
situation of these endings is still uncertain, histologicallj , appropriate sensorj 
endings hav o been found from the rcspiratorj bronchioles to the alveoli by 
Elftmann (9) In decapitated cats the majontj of fibers from stretch receptors 
arc inactive dunng expiration during inspiration they become active and the 
frequencj of discharge increases with expansion of the lungs With an inflation 
of 100 cc the peak frequenej of dischai^c m different fibres vanes from 50-150 
impulses per sec Adrian (8) has shown that with maintained inflations the 
final steady frequency reached depends only on the volume of air in tlie chest, 
not on the rate of inflation With rapid infl ition thcic is at first a high rate of 
discharge which falls to a steady level In order to avoid this initial rapid dis 
charge wc used a pump working at 15 revolutions per minute which took 2 
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seconds to inflate the lungs with 40-100 cc. of air. With this arrangement the 
highest frequency reached was well maintained and never fell more than 10% 
dunng the remainder of the period of inflation. With larger inflations this peak 
frequency IS directly proportional to the pump stroke (8), but there may be some 
deviation below 70 cc. Frequency-volume curves are shmvn in fig. 1 and a record 
of impuls^ in fig. 2. In all our preparations, endings, which were stimulated 
urmg inflation, were of the slowly adapting type and care was taken to avoid 
over-inflation at any stage. As sufficient time was allowed for the lungs to empty 
themselves completely between each pump stroke, the peak frequency of dis- 



PiG. 1. Relation between the Volume op Aib in the Chest (Abscissa) and the 
Fbequency of Discharge from Stretch Endings (Ordinate) 

1, 2, 3, 4: decapitate preparations inflated by pump; 5: decerebrate cat, volume measured 
in respiration chamber. 


dharge ivith constant inflation remained the same tvithin ±5% as long as the 
fibre survived which varied from 1-3 hours. 

TWien trichlorethylene was added to the inspired air, there was a steady in- 
crease in the peak frequency of discharge in spite of the constant output of air 
from the pump. With the lowest concentrations (J-l %) increases of frequency 
from 30-50% were seen. With 1-2% trichlorethylene this increase in frequency 
continued until it reached 50%— 140% above the initial value, where it wa.s 
maintained'. With higher concentrations there was an increase in the rate of 
adaptation within a few seconds, so that the peak frequency was reached earlier 
and earlier during inspiration until impulses ceased half-way through the pump 
stroke; this was followed by complete failure of the ending (see fig. 3). During 
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Fio 2 Decapitate Cat 

Records of (1) tracheal pressure, (2) action potentials from n single stretch ending (3) 
time m rJs and secs Inflation with constant volume A before, B during, C after 
exposure to 2% trichlorethylene 



Fig 3 The Epfect of 3-4% TRrcHLqRETHrtENE on the Response of a Stretch Ending 
DURING Single Pump Strokes 

Decapitate cat, inflated with constant volume. Ordinate =• frec;uenc\ of impulses 
per sec , abscissa “ time m jV secs before the end of inflation at 0 
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recovery, which occurred very rabidly after mthdrawal of the trichlorethvlene 

rose to 50-60% above normal and slowly returned to its initial value. In fia 4a 
e initial effect of giving trichlorethylene was a rise in frequency from 103 to 
198 per sec., then a drop to 49 per sec., and on ivithdrawal a rise to 178 per sec 
^ter 9 minutes exposure to the drug about 30 minutes were needed for the 
frequency to return to normal; in another experiment after 2 minutes exposure 
the frequency returned to normal after 20 minutes. ' The increiise in frequency 



Fig. 4. The Effect of TRiCHtoRETKyLENB on the Peak Frequency of Discharoe of a 

Stretch Ending 

Ordinates = impulses per sec., abscissa = time in minutes. A: Exposure to 0.5, 1.5 
and 3% trichlorethylene. B : Simultaneous record of two endings, both of which arc stimu- 
lated, but one only is paralysed by 3-4% trichlorethylene. 


of discharge tvith trichlorethylene was invariably seen. When impulses from 
two or three fibers were recorded simultaneously some difference in their sensi- 
tivity to the anaesthetic was usually seen (see fig. 4b); all fibres were paralysed 
with concentrations above 3.5% trichlorethylene. 

Other volatile anaesthetics tested, i.e. chloroform, ether, divinylether, ethyl- 
chloride, cyclopropane and nitrous oxide had the same type of effect as trichlor- 
ethylene on stretch endings. 

With chloroform the most conspicuous feature was the rapidity of its action. 
With low concentrations (1%) there was a verj' rapid increase in frequency which 
w-as however not maintained; e.g., in the experiment shown in fig. 5a the fre- 
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quency rose from 46 to 87 impulses per sec m 45 seconds, during the next 45 
seconds to 91, but then during the next five minutes of exposure it fell gradually 
to 65 per sec With higher concentrations of chloroform (3-4%) the increased 
frequency was evident only for 10 seconds and the ending had failed completely 
at the end of 20 seconds (see fig Sb) The failure occurring earlier and earlier 
during the pump stroke can be seen in fig 6 After stopping the chloroform, 
recovery was equally rapid and for a short period the ending was again hyper 
excitable An effect very similar to that of chloroform has been seen with car- 
bon tetrachlonde but has not been studied in detail 



Stretch Ending 

Ordinate *=> impulses per sec , abscissa » tune in nun 

With ethyl ether the onset of changes in frequency was not quite as rapid as 
with chloroform The increased discharge caused by low concentrations 
amounted to 36-100% m Aanous preparations but was not well maintained 
High concentrations produced early failure In fig 7 an experiment is ‘showm m 
which 10%ether produced a rise in frequency from 108 to 184 per sec which was 
not maintained When 20% ether was Rubstitiitcd there was a second n^e to 
183 per sec , but when 25% ether was administered the frequency of discharge 
decreased and after a few seconds the ending failed completely Rapid rccoverj 
with hypercxcitabihty was seen on withdrawal Fig 8 shows the changes m 
discharge during single pump strokes in a similar experiment 
With as little as 4% diimylcthcr increased excitability follow «1 by failure of a 
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seen (fig. 9). A few observations on the a'ction of 
etJ^lchJonde suggested that this was the most potent substance tried. 

^clopropane and nitrous oxide produced a rise in frequency (50-100%) which 
quickly reached a steady level, and during brief inflation mth 100 % of either no 
sign of failure was seen. Pig. lo shows the rapid rise in excitability to a steady 
level dunng exposure to 50% cyclopropane and 80% nitrous o.vide and the 
equally rapid fall to the original level. The steadiness of this action of cyclo- 



Fio. 10. The Effect of 50% Cyclowiofane (Continuous Line) and of 80% Nitrous 
Oxide (Bbokbn Line) on the Peak Fbequenct op DiscHAnoE rnosi a Sthetcii 

Ending 

Ordinate = impulses per sec.; abscissa = time in min. 


propane was utilised to investigate the change in peak frequency with different 
stroke volumes, as is shown in the following table. 


1 

' voLtJin: OT AU 

IREQUCKCY OF PISCSASCt PE» SEC. | 

IKCBCASE 

^Tormai 

During exposure to | 
50% cyclopropane I 

ce. 


1 

% 

64 

42.6 

93.6 i 

120 

67 

62.6 

120.0 1 

128 

95 

106.0 

255.0 1 

141 


Over the range of volumes studied the percentage increase in the peak fre- 
quencies remained approximately the same. 

When recording from a single vagal ending in the perfused lung we have ob- 
served the same effects of trichlorethylene as those described in the whole 
they cannot therefore be due to an action of the anaesthetic on the heart. The 
effects were also independent of the route of administration of the anacsthelic, 
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as acceleration and paralysis occurred m the same way after intravenous mjec- 
tion 

No method of producing asphyxia of the endings has caused comparable 
changes m sensitu itj to stretch A few mmutes’ evposure to mtrogen has no 
effect on the ending, confirming (8) Injection of 100 mg potassium cyanide 
^^as followed by a fall m frequency from 80 to 60 per sec without preceding 
acceleration later the frequency rose to 103 per sec and the ending became in 
sensitive to stretch for some seconds before complete failure This may possibly 
correspond to the rapid firing seen by Matthews (10) m asphyxiated stretch 
endings of striated muscle 

With intravenous injection of nembutal a very transient fall m frequency of 
impulses without preceding stimulation has been recorded With chloralose 
injected intravenously in doses of 100 mg per kg there was no signficant change 
in frequency 

Either no change or a slight decrease m resistance of the lungs to inflation (not 
more than 5%) has been seen during the penod of mcreased activity of the 
stretch endrnga When the anaesthetic concentration was mcreased to the 
point of cardiac failure, indicated by a decrease m nght ventricular pressure, 
there i\as sometimes a considerable increase in the resistance of the lungs to 
inflation 

Considering our results obtamed so far it seemed that m general the mitial 
effects of these volatile anaesthetics in increasing the sensitivity of the stretch 
endings were remarkably alike The difference between them lay m the rate 
at which this increased sensitivity decayed during continued exposure to the 
same concentration of the anaesthetic Thus the increase produced by nitrous 
oxide and cyclopropane was mamtamed as long as the observation was con- 
tinued, 1 c 5 minutes On the other hand during continued exposure to 1% 
chloroform the increase m the peak frequency was halved in 5 mmutes 

S Expenments on cats breathing spontaneously 

In all expenments on the administration of anaesthetics to spinal animals, 
we had practically no indication of the depth of anaesthesia reached In a small 
senes of experiments in which we recorded the pressure in the nght ventncle, 
there was some evidence of the onset of a direct toxic effect on the heart We 
wished, however, to find out if failure of the endings preceded respiratory arrest, 
and if the sensitisation of the endings obsen cd in spinal animals had any signif- 
icant effect on the respiration os a whole Accordingly, we made observations 
on the effect of these anaesthetics on the r^piration of decerebrate cats In 
order to obtain quantitativ c records of the respiratory nite, depth and functional 
residual air, the animals were enclosed in a respiration chamber, with the tracheal 
tube connected externally Fig 1 1 shows the effects of ether and tnchlorcthylcne 
on the same animal, and fig 12 that of q>clopropanc on another animal In 
each case there uas an initial decrease in the depth of respiration, whicli could bo 
due to the sensitisation of the stretch ending In these expenments, however, 
the respiratory pattern might have been modified by effects of the anaesthetics 
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on extra-pulmonary receptors and on the respiratory centre itself. We therefore 
-did experiments on doubly vagotomised animals. With ether there was an 
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Fig. II. DECBREBnATE Cat in Respiration Ciiamrer 
Inspiration upwards. A; Record of respiration during exposure to 3.5% friolilorctliy- 
lene; B; 30 min. later, during exposure to increasing concentrations of etlior. Note the 
onset of change in respiratory pattern immediately after a deep breath. 
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Fig. 12. Decerebrate Cat in Re.spiration Ciia.mber 
Inspiration upwards. Record of respiration during exposure to 50% cyclopropane 

increase in rate from 13 to 175 per min. as compared with an increase from 30 to 
64 per min. produced by the same concentration of ether before vagotomy. 
When the vagi were cooled to TC., wc have had no evidence in cats of any 
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stimulation of the respiratory centic by tnchloretliylene, though this sometimes 
occurred in rabbits after several minutes According to Adrian (11) chloroform 
increases the respiratory rate considerably in rabbits after double vagotomy 
Heinbecker and Bartley also found some acceleration mth ctlicr in vagotonused 
cats, and m vieu of its stimulating action on the electrical responses of other 



U MUTCS 

FlO 13 DtC^RFBB^TB CaT IN UfcSrlRATlON ChAMBFR 
The time course of changes in frequency of discharge from a stretch ending (dots) and 
the volume of air in the chest (circles) at the end of inspiration A during administration 
of 5 5% COj B during administration of 4 5% ether Ordinate *= impulses per sec ami 
lung volume in cc abscissa == time in min 

parts of the central ncrious system this is. hardly surprising Possibly bigger 
cfTccts might haio been *5000 on the respinitori centre m the absence of basal’ 
do«es of nembutal which we used 

In order to identify effects on the strrtch receptors thcm'-cUcs wo recorded 
the actn ity m single fibres simultaneously mth the changes m lung volume Fig 
13a shows the cfTcct of a chemical btimulus on the rcspiratoo centre, m this case 
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the uihalation of 5 5% CO,. The changes in lung volume and in peak frequency 
of discharge are closely parallel. On the other hand, in fig. I3b and fig U 
there IS an increased frequency of discharge in the stretch fibre at the same time 
M a decrease m lung volume, following exposure to ether and to trichlorethylene 
rlilphf ^ experiments m winch one or both vagi were intact, the frequency of 
discharge of the stretch ending, probably a fair sample of the stretch endings 
as a whole, largely determined the depth of the respiration. Fig. J 4 shoira 



MIMUTC5 

Fig. 14. Decerebrate Cat in Respiration CnA.MBER 
The sequence of changes in frequency of discharge from a stretch ending (dots), and Urn 
volume of air in the chest (circles) at the end of inspiration. A; during exposure to 1.4% 
trichlorethylene, B: during exposure to 15% ether. Ordinate = impulses per sec. and lung- 
volume in cc.; abscissa = time in min. 


clearly that, just as in the spinal preparations, the sensitisation of the stretch 
endings by ether is often transitory, whereas that due to trichlorethylene de- 
velops more slowly and persists throughout exposure. 

With 15% ether the early sign of failure, cessation of the discharge before the 
end of inspiration, frequently occurred, and complete failure of the ending was 
repeatedly seen well before respiratory arrest. This may account for the ob- 
servation of McDowall (13) that section of the vagi under deep ether anaes- 
thesia has no effect on the respiration. During recovery' deep etiier anacs- 
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thesia, there ^\as usualK a penod of increased excitabilitj of the ending similar 
to that seen m the spinal cat 

With high concentrations of tnchlorcthylenc signs of impending respirator} 
arrest ha\ c been obser\ ed m a few experiments before failure of a group of stretch 
endings In this respect trichloiethjlcne resembles chloroform uhich produces 
respiratory arrest at about the ‘^ame time as failure of the stietch endings (8) 

^Uthoiigh there docs seem to be a clo^e relation between the sensitnitj of the 
stretch endings and the depth of respnation, the respiratoiy rate and the expira 
torj level of the che^t seem toxarj independently (figs 11 and 12) The in 
crease m functional re'^idual air has been most marked w ith ti ichloroth\ lene and 
has amounted to 0 38 cc With concentrations of 3% the extent of the increase 
\aned with the rate of induction By rccoidmg diaphragm action potentials 
from a needle electrode a dischaige which continued thioughout expiration was 
observed at the peak of the mciease m functional residual air In Mew of the 
difficulties m recording slight changes m muscle tone with needle electiodes 
sampling only those motor units near the needle, the assumption may be justified 
that the observed increase in functional residual air is due to a maintained tone 
in the diaphragm The only alternative explanation namely local broncho 
constriction, is nilcd out by the experiments using aitificial respiration in which 
there was no increase in the re istancc to inflation possible reflex bronchocon 
striction was eliminated atiopme 

Chloroform seemed to ha\c little effect on cither lespnatory late or ex-pira 
tory ley el of the lungs, but tnchlorcthylenc increased both Ether often caused 
an increase followed by a decieasc in both, while cyclopiopane had little effect 
on the expiratory ley el but caused considerable slowing of the ic-'piration \s 
it seemed impossible to asciibc these different effects to an action on the stretch 
endings on which all thc^e anaesthetics ha\e qualitatively similai effects, ^^e 
myestigated the possibility that they might modify the behaviour of other af 
ferent endings 

3 Expenment^ on tie diaphragm slip preparation in rabbits 

As vagotomy almost aboli hot! the effects of tnchlorethylene on the respira 
tion it seemed that stimulation of extrapulmonary receptors was unlikely to be 
of great importance \\ e theiefoic tinned our attention to pulmonaiy receptors 
other than the stretch endings The existence of ‘separate endings stimulated 
bv deflation has been maintained by Head (7) and suppoited by the dii-cct ob 
servations by Adrian (8) and the study of partial vagal block by Hammouda 
and Wilson (14) We have lecoided the actuitj and the tone of the diaphaigm 
using Head s method For anatomical reasons this can only be done in the rab 
bit 

^\ith intact vagi as Head has shown inflation of the lungs Icada to abolition 
of the resting tone of the diaphiagm and slowang oi cc sation of the rc''pimtorv 
movements On the othei hand ••uction of an from the cheat leads to an in 
crease of diaphragm tone which may be accompanied bv an incica-'O oi dccicase 
of respiratory rate According to Creed and Hertz (15) a suction pre^''Ure of 
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les^ than 2 cm. Hg causes a quickening, above 2 cm. Hg a slowing. In our ex 
penments the suction of 1.3-1.6 cm. Hg was applied for 15" and the response was 
always an acceleration. In the cat, deflation of the chest produced eitlier no 
change or a sloning of the respirator}' rate but was accompanied by an immense 
increase m diaphragm -tone; thus a multi-fibre record from needle electrodes in 
tne diaphragm showed a great continuous increase in activity, 
men the vagi of a rabbit were cooled to S-fioc., Head’s parado.vical response 
to inflation appeared; this consists of a tlie replacement of the normal relaxation 
of the diaphragm by a contraction followed by a number of inspirations. The 



Fig. 15. Rabbit, Chi-ohalose 

Record of diaphragm slip preparation. Response to 15” suction oI air Irom the trachea. 
Both vagi were cooled in A to 4°C, in B to 1°C, in C to 4®C. 

acceleration in response to suction however remained (cf. Hammouda and 
Wilson (14)). After cooling the vagi to I'C. all reflex effects of deflation on dia- 
phragm tone and on respiratory rate were abolished as is shown in fig. 15. The 
slight increase in baseline during suction while the vagi were cooled to 1°C'. was 
attributed to an artefact. These results agree well with Hammouda and \\ il- 
son’s interpretation that at a temperature of 3-5°C. the impulses from stretch 
endings are blocked. As Partridge (16) has shown, at this temperature imjnihes 
producing inspiratory effects still reach the centre. 
tVith intact vagi the immediate effect of giving ether by tracheal tube to a ra i- 
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bit was to produce a senes of Molent inspiratorj efforts followed b\ a prolonga 
tion of the inspiratorj phase and a shortening of the expiratorj pause (see 
fig ICa) This subsided withm a few minutes, and after stopping the ether it 
was not possible to obtain the same effect again for about 1-1| hours (see fig 
16b) A similar stimulation can be seen to a le^'scr degree with trichlorcthjlene, 
chloroform and divinylethor The^e observations are strongly suggestive of 
stimulation of the bronchial mucous membrane producing efforts to cough 
Some of the mechanisms involved m the immediate effect of anaesthetics can 
be separated out by cooling the v agi At a temperature of 4'’C deflation reflexes 
are still obtainable whereas stretch afferents are complctol> blocked A con 
spicuous change m rate and depth of respiration was always seen when the 


A 



}-IG 16 rabbit CllLOn<LO<>E 

Diaphra(f,ra slip preparation \«giintart \ linniediale effect of S% ether w liicli « as 
stopped after 2 min and aclministend once more (B) after an interval of 13 minutes 

temperature m the cooling tube fell fiom 7'’ to 4®C hen the animal was c\ 
posed to ether vthile the vagi were kept at 4®C there w^s still an increase in 
diaphragmatic tone and iii the amplitude of the contractions of the slip with 
comparativ elj little change in rate Thi'j increased tone subsided during con 
tinuctl administration of ether vnthin a minute or two, whereas with trichlor- 
ethjlcne a small but gradually increasing tone was observed Thi> is shown m 
fig 17 

The sequence of ev ent** in an animal under ether and wath the v agi cooled to 
4®C was as follows During the fir^t minute or two after induction, suction of 
air from the chest produced an mcrcoi^c m diaphrigm tone and an acceleration 
of respiration which wxs sometlmc^ even greater than before the anaesthetic 
On continuing the same concentration of ether, deflation of the chest produced 
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' Fig. 17. Rabbit, Chlobalose, DiAPnnAQM Sup Pbbpabation 

Vagi cooled to i°C throughout. The immediate effects of triclilorethylcne (A) and ether 
(B) on diaphragm tone arc shown with a slow drum. The acceleration due to deflation 
(shown on a faster drum) persists during continued administration of trichlorethylcne 
(A); but with other this acceleration is increased at first (B), and is Inter replaced by slow- 
ing (C). 
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less and less acceleration and finally the first breath or two during suction was 
considerably prolonged (see figs. 17c and 18). The increased diaphragm tone 
was, however, always observed even if the ether concentration was raised to 15%. 
During exposure to trichlorethylenc, suction of air from the chest while the vagi 
were cooled to 4‘’C. produced cither the same effect as before or a slightly in- 
creased acceleration as well os an increase in tone. This effect persisted through- 
out the exposure (see fig, 17a). 

It appears then that there is one mechanism which is stimulated by ether as 
well as trichlorethylene and which survives cooling to 4®C. This mechanism is, 
however abolished by more prolonged exposure even to low concentrations of 
ether w’horeas it is apparently unaffected by trichlorethylene. In addition there 
seems to be a further mechanism which also survives cooling and also survives 
15% ether; this mechanism must be responsible for the persistence of the in- 
crease in tone and the slowing of respiration during suction. 

DISCUBSION 

Previous investigations on the effect of drugs on stretch endings in the lungs 
are few, possibly because various workers have stated that no significant effect 
occurs before paralysis. Thus Head (7) said that ether and chloroform para- 
lysed vagal endings, in spite of the fact liiat Kandaraezi (17) observed that when 
chloroform was administered by tracheal tube, 1^-2% produced rapid and shal- 
low breathing in a cat and that this wa.s abolished by cutting both vap. He 
attributed the shallow breathing to irritation of the vagal nerve endings in the 
lungs. Keller and Loeser (18) failed to observe any stimulating effect with 
ether. This may be attributed partly to their failure to record the volume changes 
in the chest in an animal which was breathing spontaneously and partly to the 
fact that they were not using single fibre preparations. 

The physiology of stretch endings was investigated exhaustively by Adrian (8) 
and we have little to add to lus findings. The fact that Adrian did not observe 
any increase in sensitivity of stretch endings with tlie only anaesthetic he used, 
namely chloroform, may be due to the transitory period of increased excitability 
produced by this drug. Matthews (10) observed a stimulating effect of chloro- 
form and ether on stretch endings in mammalian striated muscle. Carlson (19) 
described a stimulating action of ether on the ganglion cells of Limulus, and 
Heinbeckcr and Bartley (12) showed that these cells are first stimulated and then 
paralysed by ether, but are paralysed by nembutal with little or no initial 
stimulation. 

From our orvn results there can be little doubt that the volatile anaesthetics 
increase the excitability of the pulmonary stretch endings, and that this in- 
creased excitability is largely responsible for the reduction in the depth of 
respiration. The explanation of the changes in respiratory rate is a little more 
difficult. Trichlorethylene and cyclopropane have opposite effects on the rc- 
spiratorj' rate at times when they both seasilisc the endings to stretch. It 
follows that they must exert another action on a second set of pulmonary* end- 
ings, or on the respiratory centre, or on extra-pulmonary endings. This last 
possibility maj* have to be reckoned mth, since Hcring (20) stated that 1% 



358 


B. -WHITTERIDGE AND E. BOlBRING 


c loroform stimulated carotid sinus mechanisms, whereas higher concentrations 
paralyse them (21). Paralysis of chemoreceptor reflexes by ether and cyclo- 
propane, and stimulation by non-volatile anaesthetics has also been noted by 
Dnpps and Dumke (22). A preliminary axperimeht on the administration of 
chloroform to the perfused sinus has confirmed these results, and has shown that 
here too the drugs act on the afferent nerve ending. This point needs further 
investigation. In all our decerebrate cats, however, both carotid arteries were 
tied, and effects on the carotid sinus were thus ruled out. A direct action of 
the anaesthetics on the respiratoiy centre was suggested by Heinbecker and 
Bartley (12), and this probably occurs with some anaesthetics, notably ether, 
but this effect is comparatively small. 

It is possible to isolate one of the intra-pulmonaiy factors, other than stretch 
receptors, which affect rate and functional residual air during anaesthesia. The 
use of cold blocks to separate groups of fibres of different function in the vagus 
has been justified by the work of Hammopda and Wilson (14) and Partridge 
(16). These authors have established that the fibres which continue to conduct 
across a block at 5°C. are stimulated b 5 ’’ deflation and cause inspiration. In the 
rabbit, we obtained evidence that the mechanisms responsible for the accelera- 
tion of the breathing during suction of air from the chest, are briefly stimulated 
by ether and then paralysed for the next 1-1^ hours, but are stimulated by 
trichlorethylene. Nevertheless, ether does not paralyse all the mechanisms 
responding to suction of air from the chest, as an increase in diaphragm tone 
persists even in deep ether anaesthesia. The increase in respiratory rate and in 
tone of the diaphragm is an immediate response to the suction, and is not due to 
remote effects on the blood pressure or the carotid body, since in the experi- 
ments of Head, Hammouda and Wilson and in our own, vagotomy or cooling 
to 1°C. abolishes it. 

The consistent increase in functional residual air produced by trichlorethylene 
in decerebrate cats can be ascribed to a stimulation of deflation endings similar 
to that inferred in rabbits. The decrease in depth of respiration can be safely 
ascribed to the hyperexcitability of stretch endings, and the increase in rate of 
respiration is probably due to the cutting short of expiration as well as of in- 
spiration. 

With cyclopropane, the reduction in depth of respiration can again be attrib- 
uted to moderate hyperexcitability of the stretch endings, but the factors re- 
sponsible for the lengthening of the ex-piratorj' pause and the sloning of respira- 
tion have not yet been investigated. 

All our experiments have been carried out on tracheotomiscd animals, and the 
results have therefore been simplified by the exclusion of the very important 
reflex effects initiated by irritation of the upper respiratory tract, which were 
studied by hlagne, Mayer and Plantefol (23). Such effects of course play a 
dominant part in the earliest stages of induction. After these reflexes have di.s- 
appeared, there is a very great similarity between the behaviour to anaesthetic 
of intact animals and the decerebrate tracheotomiscd animals. This makes u 
probable that the mechanisms which we have described account for the clinical > 
familiar disturbances of respiration which are seen dunng anaesthc.sia, an 
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particular for the rapid and shallow breathing which is so conspicuous with 
trichlorethylene. 


SUMMARY 

1 The effect of anaesthetics on the pulmonary afferent nerve endings has been 
investigated by recording action potentials in vagal single fibre preparations. 

2. All volatile anaesthetics tested caused an increase in the sensitivity of 
stretch receptors. This occurred in spmal cats ventilated artificially with con- 
stant volumes of air, and also in decerebrate cats breathing spontaneously. 

3. Cyclopropane and nitrous oxide caused hyperexcitabiUty of stretch endings 
throughout exposure Ethylchloride, chloroform, divinylcther, ethyl ether and 
tnchlorethylene caused stimulation followed by paralysis Chloralose and 
nembutal caused no stimulation and but showed some depression in large doses. 

4 The activity of deflation endings was studied in rabbits by selectiv e block- 
ing of the vagal fibres and recording from a diaphagm slip preparation. 

5 Those deflation endings which produce acceleration of respiration in the 
rabbit, were first stimulated and then paralysed by ether, whereas trichlorethylene 
caused prolonged stimulation. 

0 The interaction of these effects on stretch endings and on deflation endings, 
and the extent to which they determine the respiratory behaviour m the intact 
animal is discussed. 

The authors wish to thank Mr W. T. Austin for technical assistance, and 
the Trustees of the Christopher Welch Fund for defraying the cost of the photo- 
graphic materials used. 
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Although the chemical, pharmacological and clinical literature on compounds 
chemically related to epinephrine, ephedrine and benzedrine is extensive, very 
little work has been reported on the jS-phenyl-n-propylamines. The series here 
reported is, to our knowledge, the first complete /3-hydroxy- and j8-methoxy- 
phenyl-n-propylamine series with all the possible members having been syn*- 
thesized and studied. Two members of this group have been previously pre- 
pared and only one of these tested pharmacologically, so far as wo know. The 
nearest thing to a complete series of this type having been reported was the 
work of Hjort (1) on the N-methylated /S-phenylethylamines. 

/3-phenyl-n-propylamme I was prepared by Hartung and Munch (2) and 
studied pharmacologically by Tainter (3), Schulte et al. (4), Warren et al. (5) 
and Beyer (6). It was also prepared by Hauschild (7) and preliminary toxicity 
tests were reported. The /3-2,5'dimethoxyphenyl-n-propyIamine (XII) was 
prepared by Baltzly and Buck (8) but no pharmacological studies appear in the 
literature. 

This entire normal propylamine series was synthesized at these laboratories 
and the methods of preparation have been previously reported by Woodruff 
(9) and Woodruff and Pierson (10). This group of nineteen compounds includes 
the parent jS-phenyl-n-propylamine and all the possible mono and dihydroxy, 
and mono and dimethoxy substitutions on the phenyl ring positions. 


Methods. The pharmacological studies made on this scries of synthetic amines include 
acute toxicities, blood pressure determinations, and bronchiolar actions. 

Acute Toxicity. White male rats with an average weight of 2^0 grams were used through- 
out this study. All toxicity figures represent the L.D. 50 in mgm. per kgm. of body weight. 
Solutions of the hydrochlorides were administered intravenously. They were made 
up in such concentrations that regardless of the size of the fatal dose, the injected 
volume per rat was always li cc. or less. The possibility of manipulation error was min- 
imized by maintaining this volume and holding the injection rate to not more than 0.25 
cc. per minute. This appeared to be especially important with some of the more toxic mem- 
bers of the series. 

The to.xicity data summarized in Table I are based on a total of 43S rats. Each rat was 
used only once. After preliminary orientation tests not less than three groups of five rats 
each were used in the range of LD-50 ± 10 mgm. per kilo; the exceptions being compounds 
IX and XIX. For compound IX, insufficient material was available to fix the upper limit. 

Lack of material prevented toxicity studies on compound XIX. .... 

In general the animals that died at or near the L.D. 50 did so immediately or within a few 
hours following administration, while those that survived one day post-injection invariably 
survived the fourteen day period of observation. In general, death from toxic do.ws was 
nrcceded by increased nervous excitability, increased respirations and heart rate, rullicu 
hair, profuse salivation in some cases, and finally, violent convulsions resulting in rcspira- 
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tory and cardiac failure Anunah surviving near Iomc doses displayed most of these to\ic 
manifestations but they nerc not nearly bo pronounced 

Branchial Action The bronchial action of these amines nas measured on the lungs of 
freshly killed rabbits employing the method of Sollmann A von Oettmgen (11) Tundamcn 
tally, this is a method of perfusing Locke fl solution through the lung at a measurable rate 
The rate of How of fluid through the lung is indicated by the entrance of bubbles in the 
storage bottle of the closed system, as the fluid is displaced In this nork the normal or 
starting rate of flow ^as represented by 2S to 30 bubbles per minute After preliminary 
studies with barium chloride, histamine, physostigmmc and pilocarpine, the latter was 
chosen as the most satisfactory bronchoconstrictor for routine use m evaluating the mem 
bers of this senes The sensitivity of the lung preparation w as checked by the injection of 
epinephrine at the beginning and end of each experiment 

Not less than tno lung preparations were used for each compound and m each case, intra 
tracheal injections of the amine being tested vere made in doses of 0 5, 1 and 2 cc of 1 per 
cent aqueous solutions (5, 10 and 20 mgm ) Since the bronchial response was not always 
proportional to dosage, the effects produced by all three doses were averaged to obtain the 
bronchial ratings given in Table I which arc recorded os average increases or decreases in 
the number of bubbles per minute 

PrcaaoT Activity The blood pressure action of these compounds was studied in atropm 
ired male dogs using morphine chloretonc anesthesia The direct method of recording arte 
rial pressure as outlined in the U S P was employed All injections were made into the 
canulatcd right femoral vein and each waa washed into the circulation with 2 cc of phy’Sio 
logical sodium chloride solution Thirty three dogs were used to evaluate the nineteen 
compounds After nserics of three to five responses toepinephrine, the amine being invcsti 
gated was injected and only the first injection was considered m computing the ratio to 
epinephrine It is believed that the pressor ratios estimated in this way are sufficiently 
accurate to characterize the amines 

Results & phmyl n^propylamtnc I was found to be about 1/500 as pressor 
as epinephrine A 20 mgm dose m a 14 8 kgm dog produced a rise m arterial 
pre«sure of 60 mm Hg The pressure then gradually recoded to a new normal 
level, 9 mm abo\e the former m fifteen minutes Tlus duration of pressor 
action closely agrees witli the work of fainter (3) m cats The LD 50 was 
found to be 50 mgm per kgm On the isolated lung, this substance acted pre- 
dominantly as a slight bronchoconstnetor hence has a bronchial rating of —2 

/5 o-meihoxyphenyl n propylamine II is a depressor substance A 10 mgm 
dose produced a transient fall m artcml pressure of 15 mm Ilg This depressor 
action agrees with the findings of Mulinos (13) m cits As would be expected 
from its lack of pressor activity, Mulmos found this amine to be inactive m 
humans as a naso-mucous membrane vasoconstrictor using the improved naso- 
graph mirror method of Lieb A Mulmos (14) originally reported by Glatzol (15) 
Ihe addition of the ortho methoxj group to the parent substance I has reduced 
both the pressor activity and the acute toxicity The L D 50 was found to be 
80 mgm per kgm compared to 50 for the parent I The bronchial activity was 
changed only slightly resulting in a bronchial rating for this substance of 0 or 
inactive 

0‘O-hydroxyphenyl n propylamine III differs from I by the addition of an 
OH group m the ortho po'^ition Tlus substitution has increased the bronchial 
action and the present derivative was found to be a bronchodilator with a ratmg 
of 3 The toMcity was further lowered and was found to be 110 mgm per kgm 
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The pressor action was considerably decreased over the parent I and is less tJian 
1/5000 as effective as epinephrine. For all practical purposes, this o-hydroxy 
derivative may be said to possess little pressor activity. This lack of pressor 
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^-m 7n€lhoxyphenyUn-propyla)ntiie IV compared to the parent T is only slightly 
more toxic acutely The LD 50 was found to be ^0 mgm per kgm The 
blood pressure action was decreased eight fold, the ratio to epmephnne being 
lf4000 The bronchodilator activity was considerably increased bv tlus m- 
methoxy substitution With a bronchial rating of 8 this dcnvativ e is one of the 
three most actuc bronchodilatora of this n propylamine senes 

^’Tn-hydroxyphenyl-n propylamtne V Tlus hydroxyl substitution caused the 
toxicitj to be considerably decreased The L D SO was found to be 90 mgm 
per kgm This is 40 mgm less than that of the parent I, and 50 mgm less than 
that of the corresponding methoxy member IV The pressor activity has been 
increased to 1 /300 that of epmephnne The h> droxyl group m the raeta position 
apparently does not improve the bronchial action over the unsubstituted parent 
as this substance (V) is a slight bronchoconstnetor and is rated at —1 

/3 P'Tnethoxyphenyl-n-propylamtne VI is the third mono methoxy denvative of 
this senes Compared to I the addition of the OCHs group to the para position 
has increased the toxicity from 50 to 30 mgm per kgm The pressor action 
has been reduced four times to 1/2000 that of epmephnne A 20 mgm dose 
in a 10 4 kgm dog produced a transient rise m arterial pressure of only 15 mm 
Hg For all practical purposes this member has little pressor activity and 
Mulmos (13) found this true when he rated it mcffccti\e as a nasal vasocon- 
stnetor This methoxy substitution improved tiie bronchial activity over I 
resulting m a bronchiolar rating of 3 

ff-p-hydroxypkcnyl n-propylamtne VII is the OH derivative corrc’spondmg to 
VI This p-hydroxy member is the third mono hydroxy of the senes and has 
an L D 50 of 170 mgm per kgm It is the least toxic of any of the nineteen 
compounds here reported It is almost six times le-^s toxic than the correspond- 
ing methoxy denvative and more than three times Ico toxic than the parent I 
It IS interesting to note hero that an OH substitution in any of the three possible 
positions on the phenyl nng results m the substance becoming less toxic than 
the parent I It was found to have a pressor ratio of about 1/2000 that of 
epmephnne A 20 mgm doso in a 104 Kgm dog produced a 29 mm nse in 
blood pressure that leveled off 16 mm above the former normal level and re- 
mained there for quite some time It ma> therefore be rated aa a prolonged 
pressor substance It appears to have pressor activity similar to the corre- 
sponding methoxy denvative but possesses a more prolonged action On the 
isolated lung it acletl predominantly as a slight bronchoconstnetor and is rated 
at -2 

^ 2 tS-dimelhoxyphcnyl n propylamine VIII Ihis denvative is one of the most 
toxic compounds of the senes Its L D 50 is 30 mgm per Kgm , 20 mgm more 
toxic than the unsubstituted parent I A 20 mgm doso intravenously in a 
11 7 Kgm dog produced no effect on the artcnal prc'^sure Likewise, on tho 
isolated rabbits lung it had no effect and consequently has a bronchial rating of 0 

^ 2 ,S^ihydroxifphmyl n propylamine IX is one of the least toxic of this senes 
1 ho toxicity 18 less than 120 mgm per kgm , but inadequate crystalline material 
made it impossible to further carrv out this study In contrast to tho corro- 
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spending dimethoxy member VIII, this dihydroxy compound has a greatly 
increased blood presmro action. Its ratio to epinephrine is slightly less than 
1/500. A 20 mgm. dose m a 17.7 kgm. dog produced a 34 mm. rise in arterial 
^essure that gradually returned to normal in a period of twenty-one minutes. 
Hence, this substance may be said to possess a prolonged pressor action, although 
it finally does return to the pre-injection level., On the isolated lung it acted 
like the corresponding methoxy member, and is therefore rated 0, inactive. 

,4-dimetkQxyphenylrVr.propylam,ine Z is one of the three most effective 
bronchodilators of this series and is rated at 8. it is equally toxic irith the 
parent I having an L.D. SO of 50 mgm. per kgm. It is about 1/3000 as effective 
a pressor substance as epinephrine and for all practical purposes may be said to 
possess little pressor action. 

^-^A-dihydrozyphenyl-n-propylamine XI is similar to compound IX with re- 
spect to toxicity and bronchial activity. It was found to-be inactive on the 
isolated lung and is therefore rated at 0. The L.D. 50 is 150 mgm. per kgm,, 
making it one of the least toxic of the series. Its pressor ratio is 1/1100 that of 
epinephrine. A 10 mgm. dose in a 12.5 kgm. dog produced a rise in blood pres- 
sure of 18 mm. Hgy dropped to a level 10 mm. above the former normal and 
remained for about ten minutes. Although not a highb’ pressor substance, it 
j does appear to have a somewhat prolonged action. 

0-2,S-dimethoxyphenyl-n~propylamine XII is very much like X, the 2,4- 
dimethoxy derivative, pharmacologically. It has the same L.D. 50 of 60 mgm. 
per kgm. Its pressor ratio is about 1/2400, whereas X was about 1/3000. On 
the isolated lung, however, this 2,5-dimetho.xy member is lc.ss active and has a 
bronchiolar rating of 5 compared to 8 for X, 

^-2 ,5-dihydrozyphenylrnr-propylamine XIII is another one of the least active 
of the series. It has an L.D. 50 of 100 mgm. per kgm. and is less than 1/4000 
as pressor as epinephrine. A 20 mgm. dose in a 16.4 kgm. dog produced a rise 
of only 13 mm. Hg. in blood pressure that %vas of short duration. On the iso- 
lated lung it was inactive and is therefore rated at 0. 

P-2,6-dmethoxyphenyIrn~propylamine XIV is the most toxic compound of the 
entire series. Its L.D. 50 is 15 mgm. per kgm. It produced a transient fall in 
blood pressure and is therefore listed as a depressor substance. A 20 mgm. dose 
in a 13.8 kgm. dog caused a fall of 16 mm. Hg. in the arterial pressure. The 
hronchodilator activity was similar to that of the 2,5-dimethoxy XII derivative 


and it was given a bronchial rating of 4. 

fi- 2 , 6 -d{hydroxyphenyl-n-pTopylamine XV is also a depressor substance of 
about the same caliber as its corresponding methoxy member (XIV) at a 20 mgm. 
dose in a 16.5 kgm. dog. Five mgm. doses produced no measurable effect. The 
bronchial action was the same also, as that of XIV . The toxicity , however, was 
considerably decreased compared to XIV. The L.D. 50 for this 2,6-dihydroxj 
member is 90 mgm. per kgm. or six times less toxic than the corresponding 

methoxy derivative. , „ a aaa 

R-S, 4 -dimethoxyphmyl-n-propylamine XVI, unlike the 
of the least toxic of the group. The L.D. 50 for this substance is 140 mgm. per 
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kgm Its pressor ratio is 1/675 and it is only slightly active on the isolated lung 
with a bronchial rating of 1 

P-3,4-dihydroxyphenyl~n propylamtne XVII is by far the most potent pressor 
substance m this series and one of the most tone It has a pressor ratio of 
1/40 that of epmephnne, being more pressor than either ephednne or benzednne 
It appears to be more pressor than phenylpropanolamine (Propadnn) although 
it lies in that same range Muhnos (13) found this derivative, with the catechol 
nucleus, to be quite effects e m humans as a naso-mucous membrane vaso- 
constnetor, ^vlth a duration of action over throe hours The L D 50 was found 
to be 40 mgm per kgm On the isolated lung it was a bronchoconstnetor and 
IS therefore rated at —2 

^-S,6-^tmelhoxyphenyl^i^ropylamtne XVIII, like the 2,4-dimcthoxy mem- 
ber, IS one of the three most effective bronchodilators of this group of amines, 
and IS given a bronchial rating of 8 The L D 50 was found to be 70 mgm per 
kgm A 20 mgm dose, in a 1 1 2 kilo dog produced a transient fall m artenal 
pressure of 22 mm of Hg It is therefore rated as a depressor substance 

&-3 ,6’dihydroxyphenyl n-propylaminc XIX has much lo'ss action on the iso- 
lated lung than the corresponding methojo^ denvative In fact, it ^vas pre- 
dominantly a bronchoconstnetor and has a rating of 1 Asa pressor substance 
this 3,6-dihydroxy is second in potency onlj to the 3,4-dihydroxy member 
XVII It was found to have a pressor ratio of slightly greater than 1/160 that of 
epmephnne Compared to its corresponding methoxy denvative, the pressor 
activity has been greatly increased, while the bronchodilalor activity ^as just 
revers^ 

General discussion The results as tabulated m Table I, Bho\s that the 
methox> members of this n propylamine senes are more toxic intravenously m 
the rat than the corresponding hydroxyl dcnvatives There is one exception, 
this bemg m the case of the 3,4-dimcthoxy compound XVI This substance 
might be expected to be quite toxic, but it was found to be the second least toxic 
of the senes, while its hydroxyl denvative XVII was one of the most toxic 

It is of interest to note that in general the bronchodilator actmty appears to 
be best with the methoxy dernativcs, although this too does not hold true m 
every case In all but three instances, the methox> members are more effcctii c 
bronchodilatore than their corresponding hydroxyl deni ati\ cs The one actual 
reversal of this is in the o-methoxy II which is inactive as compared to the 
hydroxj compound III with a bronchial rating of 3 The other two exceptions 
are the 2,3 and 2,6 dimcthoxy and hydroxy denvativos m which the corre- 
sponding members are of equal potenc> 

As compared to the corresponding hjdroj^ members of the senes, the melhoxj 
denvatix cs are usually less pressor and exert a greater inhibitory effect on the 
bronchial musculature Vaughan (17) has reported positu e clinical results with 
methoxy denvatives of another senes The three most actixe bronchodilator 
compounds arc methoxy dcniatives ivith low pressor actmty This lack of 
paralloh^m offers further evidence that these ammes cannot bo adequately 
evaluated by pressor ratios alone as has many times been reported in the older 
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literature. The work here reported indicates that high pressor ratios do not 
parallel the inhibitory effects on smooth muscle. 

With reference to the position of the hydroxy group, we find that the meta 
hydroxy compound V is more pressor than the para compound VII. Barger 
and Dale (18) working with another series reported no difference. In agreement 
with the work of Schaumann (19, 20), Ehrhart (21) and Kuchinsky (22) on 
another series, we find that the meta hydroxy compound V is more pressor than 
either the ortho III or para VII. It also follows that the most active pressor 
substance of this group is the catechol nucleus member XVII. The intensifying 
effect of this configuration appears to come from the meta phenolic hydroxyl. 
This point is again brought out in the pressor action of the 3,5-dihydroxy mem- 
ber XIX, with a pressorratio of greaterthan 1/160, the second most potentpressor 
substance of the series. Further evidence that the meta hydroxyl group is 
important and that hydroxyl groups in the 3,4 position lead to high pressor 
activity, are the results obtained with 2,3-dihydroxy derivative IX. One would 
expect IX to be less active on the blood pressure than the 3,4 dihydroxy XVII, 
since the single substituted o-hydroxy III is much less pressor than either the 
meta V or para ITI members. Consulting Table I, we find this to be true. 


SUSIMARF 

1. A complete series of jS-phenyl-n-propylammes were studied pharmacologi- 
cally with respect to their actions on the dogs blood pressure, isolated rabbits 
lung and acute intravenous to.xicity in rats. 

2. In general, the methoxj' derivatives of this series were better broncho- 
dilators than their corresponding hydroxyl analogues. Also, as a rule they were 
more toxic intravenously in rats. 

3. In general, the hydroxy derivatives were more potent pressor substances 
than their corresponding methoxy analogues. 

4. There appears to be a definite relationship between pressor action and 
naso-mucous membrane vasoconstriction as measured by the nasograph mirror 
method of Lieb and Mulinos (14). 

5. No relationships could be demonstrated between bronchiolar and pressor 
actions. 


REFERENCES 

1. Hjort, a. M., This JouRnai., 62: 101, 1934. 

2. Habtung, W. H , AND Mun-ch, J G., J. Am. Chem. Soc., 63: 1875, 1931. 

3. Taintee, M. L., Arch, internat. de pbarraacodyn ct de therap., 46: 192, 1933. 

4. Schulte, J. W., et al.. This Journal, 71: 62, 1941. 

5. Warren, M. R., et al., This Journal, 79: 187, 1943. 

6 Beter, K., This Joue.nal, 71: 151, 1941. 

7. Hauschild, F., rain. Wchnschr., 20: 363, mi. 

8. B.ALTZLT, R., AND BucK, J., J. Am. Chem. Soc., G2. 161, 1940. 

9. Woodruff, E. H., J. Am. Chem. Soc., 64: 2K9, 194-. 

u. Siann:^ foN SS w: F.. Proo!“oe.“E;pe;. Biol, and Med., 26: 092. 
1928. 


AC3TI0NS OP PROPYLAMINES 


367 


12 Hartunq, W H , Chem Rev , 9 389, 1931 

13 Molinos, M G , Columbi'i Univ (persona! communication) 

14 Lies, C C , akd Mdlinos, M G , Arch Otolaryng 30 334, 1939 
16 Glatzel, Monatschr f Ohrench , Bcrl , 38 8-17, 1904 

16 Vaughan, W T , Richmond, Virginia (personal communication) 

17 Vaughan, W T,PerkiJiS, R M,Debde8, V J,J Lab A. Clin Med 28 255,1942 

18 Bahoer, G , AND Dale, H II , J Physiol , 41 19, 1910 

19 ScHADMANN, 0 , Arch f O'cper Path u Pharma! ol , 167 114,1930 

20 ScHAUMANN, 0 , Arch f exper Path u Pharmakol , 160 127, 1931 

21 ‘EnnHART, G , Metallhoise, 29 IStft, 1930 

22 Kdchinsky, G , Arch f e\pcr Path u Pharmakol , 166 300, 1930 



GENERAL ANALGESIC EFFECTS OF PROCAINE 

NOLTON BIGELOW, MJ3. and IRVING HARRISON, M.D, 

From Iho Departments of Medicine (Neurology) and Pharmacology, Cornell University Medical 
College, New York, New York 

Received for publication May IS, JWj 

It has long been recognized that cocaine produces not only local anesthesia 
but also possesses general analgesic properties ( 1 ). During the course of an in- 
vestigation (in certain aspects of the local anesthesia induced by procaine, it was 
noted that this drug, like cocaine, may produce general analgesia, and this action 
is the subject of the present report. 

Procedtjhb and method. Measurements of the cutaneous pain threshold were made 
under various conditions on S subjects according to the technic described by Hardy, Wolff, 
and Goodell (2), which uses radiant heat as the source of painful stimulation. The subjects 
were carefully instructed as to the end-point, namely the first appearance of a pricking 
pain. The exact procedure deserves special note in view of the wide variations in normal 
pain thresholds observed by Chapman and Jones (3), when the subjects were not so carefully 
instructed as to the precise nature of th'e end-point. 

Pain threshold determinations were made on the forehead; the injection of the agent to 
be tested was made subcutaneously in the arm. Control threshold measurements wore 
made just prior to each injection and at approximately 10 minute intervals thereafter until 
the threshold returned to normal. All the subjects were found to have values for the con- 
trol pain threshold well within the variation of ±15 per cent reported by Schumacher, ct al., 
for this technic (4). As a matter of fact, we found that under the conditions of our expori- 
ments in a group of 60 patients the threshold on the normally innervated forehead varied by 
not more than ±10 per cent of the average for the series. 

A 2 per cent solution of procaine hydrochloride was employed in doses ranging from S to 
40 cc. injected subcutaneously. To evaluate the possible role of psychic factors in some 
experiments 5 or 10 cc. of physiologic saline solution was similarly given as a control, with- 
out the subject knowing the nature of the material injected. 

In 3 experiments a perineural block of one ulnar nerve was produced by the injection of 
the procaine solution just above the elbow, for the purpose of comparing pain thresholds 
in the area subserved by the blocked nerve with those in the area subserved by the untreated 
ulnar nerve and on the forehead. 

Not more than one e.xperiroent was carried out on a subject on any given day. 

Effect of saline control. In all cases some elevation of the pain threshold 
occuiTed after injection of 5-10 cc. of physiologic saline (figure 1). The average 
rise in threshold was not, however, as great as the average ri.se observed after the 
smallest dose of procaine, nor did the average elevation of threshold after physio- 
logic saline persist .as long as after procaine. 

These results indicate that the injection of a presumably non-analgesic agent 
may so alter a subject’s preceptual discrimination that a meiisurable elevation of 
the pain threshold occurs. Wolff and Goodell (5) also noted a rise in thepam 
threshold when a placebo was given to a suggestible subject. Conversely,thcy 
found no threshold rise in a suggestible subject who was tolcl that the “olg^ic 
was a placebo. These observations make it imperative that in any study of the 
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analgesic potencj of drugs, the factor of suggestion be taken into account and 
that control studies be made by the use of placebos or blanks, under conditions 
such that neither the expenmentcr nor the subject knosvs that a placebo is being 
used 

In t%\o subjects we gave large doses of phjsiological saline as controls for the 
large doses of procaine solution In the'^eo.penments owing to the large volume 
of fluid mjected associated with an absence of symptomatic effects, the subjects 
recogmzed that a placebo had been given As might be expected m these m 
stances, there were no changes m the pam threshold Hence these data were not 
mcluded m table 1 

General analofsic action ot iuoccine Table 1 summarizes the changes 
n the pam threshold on the forehead after the injection m the arm of phy'siologic 



salme and of procaine m \anou’» doses Threshold measurements are tabulated 
to the nearest 10 minute interval after injection In figure 1 the aieragc n'se in 
the pam threshold for each dose of procaine and for phj siologic saline has been 
plotted It may be seen that procaine raises the pam threshold on the forehead 
appreciably more than docs the control injection of physiologic saline The 
difference between the maximum nsc produced bj Eahne and bj procaine was 5 
per cent of the control threshold value for the 5 cc dose (100 mgm of procaine 
HCl), 8 per cent for the lOcc dose (200 mgm of procaine HCl), 15 percentforthc 
20 cc dose (400 mgm of procaine HCl), and 20 per cent for the 40 cc do-m (800 
mgm of procaine HCl) The average duration of the cle\ ation m threshold after 
procamc was about 70 to 80 minutes, as compared with 50 to CO minutes after 
'’aline The maximum nse m the threshold after procaine w as about 35 per cent 
above the patient’s control threshold This is approximatcK cqui\alent to the 
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maximi^ threshold-raising efifect of acetylsalicylic acid: 0.3 gm. and 0.6 gm. 
doses of the latter both elevate the cutaneous pain threshold about 35 per cent, 
which thus represents the ceiling effect of this analgesic agent (G). In our series 
the number of experiments in the higher dosage range is insufficient to determine 
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It IS obvious that these changes m the pam threshold on the forehead can not 
bo due to the local action of procaine injected in the arm, but are due rather to 
some systemic action of procaine after its absorption into the circulation Gor- 
don (7) has noted also a general analgesic action of procaine follmraig its mtra- 
venous injection as demonstrated by the reUef of pam m patients -mth bums 
Correlation of elevation of pain threshold tvith other general ef- 
fects OF procaine During the course of these experiments, the subjects some- 
times reported sensations of hght-bcadedness, giddmess or famtness, and once or 
twice, nausea As table 1 indicates, the elevation m the pain threshold was 
usually greater when such effects v. ere reported than v, hen these vs ere not noted 
Moreover, the maximum rise in threshold usually occurred at the tune when these 
sensations appeared Thus, if the light headedness occurred within 10 minutes 



Flo 2 Variations IN TKr TuREsnoLo Response TO PnocAiSE iM OsE Subject 

after the injection, the maximum rise in the threshold also occurred at this time, 
whereas if the light hcadedness appeared after a longer interval, the raaxunum 
rise m threshold likewise occurred liter Thus it was noted that the maximum 
elevation of the pam threshold was ipt to occur simultaneously with other 
central effects of procamc, and that the more pronounced were these other 
central effects, the greater was the rise m the pam threshold This suggests 
that the general analgesic effect of procamc is produced by ^omc central action 
Variariuty of TiiUEsnoLD RFspONSL Figurc 2 shows the effect on the pam 
threshold of various do«es of procamc m the same subject and indicates that, at 
times, ns great an effect may be obtained from 100 mgm as from 800 mgm of 
procaine hydrochloride Thus, 5 cc of the procimo solution raised tlic threshold 
to 34 per cent, whereas 10 cc raided it to 32 per cent In addition, repetition 
of the same dose (5 cc of the 2 per cent procamc solution) in the sime ‘subject 
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maximum threshold-raising effect of acetylsalicylic acid: 0.3 gm. and 0.6 gm. 
doses of the latter both elevate the cutaneous pain threshold about 35 per cent 
which thus represents the ceiling effect of this analgesic agent (G). In our series 
the number of experiments in the higher dosage range is insufficient to determine 
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It IS obvious that these changes m the pam threshold on the forehead can not 
be due to the local action of procaine injected in the arm, but are due rather to 
some ^stemic action of procame after its absorption into the circulation Gor^ 
don (7) has noted also a general analgesic action of procame foUownng its mtra 
venous injection as demonstrated by tbe lebef of pain in patients vath burns 
Correlation of elevation of pain threshold with other general ef 
FECTS OF PROCAINE Dunng the course of these experiments, the subjects some 
times reported sensations of Jigbfc-headedness, giddiness or faintness, and once or 
twice, nausea As table 1 indicates, the elevation m the pam threshold was 
usually greater when such effects were reported than when these were not noted 
Moreover, the maximum rise m threshold usuaU 3 occurred at the time when these 
sensations appeared Thus, if the light headedness occurred within 10 minutes 
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after the injection, the maximum nse m the threshold also occurred at this time, 
whereas if the hght-hcadedness appeared after a longer interval, the maximum 
nse m threshold hkcwisjc occurred later Thus it was noted that the maximum 
elevation of the pain threshold was apt to occur simultaneously with other 
central effects of procaine, and tint the more pronounced were these other 
central effects, the greater was the rise m the pain threshold This suggests 
tint the general analgesic effect of procame is produced by some central action 
Variability oi threshold response Figure 2 shows the effect on the pam 
threshold of various doses of procame m the ‘^ame subject and indicates that, at 
times, as great an effect maj bo obtained from 100 mgm as from SOO mgm of 
procame hydrochlonde Thus, 5 cc of the procame solution raided tlic thre-’hold 
to 34 per cent, whcre.is 40 cc raided it to 32 per cent In addition, repetition 
of the same dose (5 cc of the 2 per cent procame solution) m the same ^subject 
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on 3 different occasions produced a variable rise in the pain threshold, namely, 
from about 14 to 34 per cent. These differences may have been due to variations 
m the speed of absorption of the drug which isfcnown to be an important factor in 
maintaining the systemic concentration of procaine because of the very rapid 
elimination of the drug (8, 9); or the differences may have been due to the 
psychic reaction of the subject at the time of the experiment. 

In one subject the first administration of procaine was associated nvith an 
apparent lowering of the pain threshold. On a subsequent trial an elevation of 
the pain threshold comparable to the average rise was obtained. The reasons for 
the unusual response in this one instance are not entirely clear and are under 
investigation. 

CojrpARisoN OP LOCAL AND GENERAL EFFECTS. Some observations were 
made as to the relative duration of the local and general analgesia actions of 



Fig. 3. Comparison op the Duration of the General and Local Analoesic Effects 

OF Procaine 

procaine. In two experiments a perineural block of the ulnar nerve were so 
nearly complete that measurements of the pain threshold in the area of local 
anasthesia during the first hour after injection could not be made irithout dam- 
age to the tissues. However, in each case it was found that the pain threshold 
in the area of local anesthesia returned to normal about one hour after the gen- 
eral analgesic action had worn off. 

In a third experiment a partial perineural block of the ulnar nerve was pro- 
duced resulting in an elevation of the pain threshold in the hypesthctic area of 
only 68 per cent. Figure 3 contrasts the threshold measurements made on the 
forehead and on the ulnar aspects of the left and right hands subserved by the 
nartially blocked and control ulnar nerves, respectively. It may be seen fhaf 
the duration of the local action in this experiment also outlasts the general anal- 
gesic action of procaine by about one hour. 
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SmtMARY AND CONCLUSIONS 

1. Procaine has a general analgesic action in addition to its well-known local 

anesthetic properties. The maximum rise in the cutaneous pain threshold at- 
tributable to the general action of this drug after 100 to 800 mgra. injected sub- 
cutaneously is approximately equivalent to the ceiling rise observed after acetyl- 
salicylic acid, namely, about 35 per cent of the normal threshold value. The 
duration of the procaine effect is, however, much shorter than the acetylsalicylic 
acid effect. '' 

2. The general analgesic action of procaine is usually more pronounced when 
other central effects of the drug are also evident. 

3. The control injection of physiologic saline solution is also associated with 
a rise in the pain threshold, which, however, on the average is not as great as or 
prolonged as that observed after the smallest dose of procaine employed. 

4. The local anesthetic action of procaine after a perineural block outlasts the 
general analgesic action of this drug by about one hour. 

5. Variations are observed in the general analgesic effect of procaine on differ- 
ent occasions in the same subject independent of the dose. 
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When morphine is administered to animals only a part of it is eliminated as 
such in the urine (I). In man (2) and dogs (3) some of the excreted morphine 
is in a conjugated form. In dogs the conjugation probably takes place in the 
liver for poisoning the animal rath carbon tetrachloride reduces the amount of 
conjugated morphine excreted in the urine (3). The destruction of morphine 
also probably takes place in the liver for Inoue (4) recovered only 50% after 
incubating morphine with liver slices for 30 minutes. Simmonnet (5) also claims 
that morphine disappears when incubated ivith liver and brain suspensions. It 
was therefore of interest to investigate this reaction more quantitatively in order 
to determine how the destruction of morphine occurs in tnlro. 

Experimental. Rat tissues were used for most of the experiments. They 
were sliced in the usual way and suspended in Krebs-Hcnseleit solution (6) con- 
taining sodium bicarbonate but no glucose. Usually about 300 mgm. wet 
weight of tissue was shaken in SO cc. Erlenmcyer flasks containing 4.0 cc. of the 
solution in equilibrium ivith 95% oxygen and 5% carbon dio.xido. At the end 
of the experiment 1.0 cc. of 20% trichloracetic acid was added and after the 
removal of the slices the precipitated proteins were centrifuged doivn. The 
morphine was estimated by adding 2.0 cc. of the silicomolybdic acid reagent, 
prepared according to the method described by Snell and Snell (7), followed by 
10.0 cc. of 5% ammonium hydroxide. This reagent has the advantage of not 
being reduced by any of the constituents present in the trichloracetic acid extract 
of slices when incubated aerobically. After anaerobic incubation a substance 
is present which causes a slight reduction of the reagent but this is not great 
enough to interfere mth the estimation. Something is present in the e.xtracts 
of liver suspensions which inhibits the reduction to some extent. The disadvan- 
tage of the reagent is that the color produced deviates from strict proportionality 
when more than 0.4 mgm. morphine is present. To overcome this difficulty a 
large number of blank vessels were run to which no morphine was added until 
just before the trichloracetic acid. At this time graded amounts were addwl to 
different vessels which were then used as standards and the amounts remaining 
in the exqierimenfal vessels compared with them. The standards were chosen 
so that the colors developed in the experimental vessels gave values to within 
10% of the standards. This procedure was also used for the anaerobic expen- 
ments and the e.\-periments with tissue suspensions. The recoveries of addid 
morphine obtained by this means averaged between 90-96%. Codeine an< 
dioninc although they precipitate with the reagent in acid .solution give clwi 
solutions with no color after the addition of the ammonium hydroxide. Dilamln 
reduces the reagent and gives a blue color similar to that of morphine but wcig i . 
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for •weight the color is less than one half as intense. It was thus possible to 
follow the disappearance of dilaudid but the estimations were correspondingly 
less accurate. From these facts it appears that the silicomolybdic acid reagents 
is reduced by the two free hydroxy groups of morphine. If one of these groups 
is converted to a ketone as in dilaudid the reduction is decreased and if one of 
these groups is substituted by a methyl oi ethyl group as in codeine and dionine 
no reduction occurs Thus the disappearance of morphine as measured by the 
reduction of this reagent, when the drug is incubated with tissues, may be due 
either to the oxidation or conjugation of one or both of these hydroxy groups. 
Since these are important for the pharmacological action of morphine, a change 
in them ■would profoundly affect its action. 

Table 1 shows that the liver slice under aerobic conditions is the only prepara- 
tion that will effectively cause the disappearance of morphine in vitro under the 
experimental conditions The reaction docs not proceed anaerobically. This 
fact indicates that morphine does not disappear because of adsorption onto the 
slices or the protein precipitated by the trichloracetic acid, because adsorption 
should occur anaerobically as well as aerobically. Also, the cell suspension 
TABLE I 


The dxtappearance of J 0 mgm morphine HCt when tneubated S S hours with tissues under 
various eondtltons 


TlSSCt 

UO>rai>4E tteovtiED 


W(m 

800 mgm liver eliecs (aerobic) 

0.19 

300 mgm hver slices (anaerobic) 

0.82 

300 mgm hver slices (aerobic, boiled) 

0.96 

600 mgm hver suspension (aerobic) 

0.77 

200 mgm kidney slices (aerobic) 

0 85 

500 mgm. brain suspension (aerobic) 

0 64 


offers a larger surface for adsorption and this preparation is much less effective 
in causing the disappearance of morphine. The cell suspensions of liver and 
brain were made •svith the least possible trauma and contained many apparently 
intact cells. The negative result with brain can therefore be considered signifi- 
cant for if this tissue could inactivate morphine it should have done so at least 
to the extent of the hver suspension In our hands brain slices do not give 
reliable or reproducible ie«iuUs The fact that slices boiled for 2 minutes in 
isotonic saline arc inactive piovcs that the disappearance of morphine is caused 
by a thermolabile catalyst 

In oixlor to determine whether the disappcaiancc of morphine is due to the 
oxidation or conjugation of the hydroxy groups an aliquot was taken after 
removal of the proteins by trichloracetic acid and placed in a boiling water bath 
for 30 minutes with X liydrocliloric acid. The slandaitls were subjected to the 
same treatment. This pi occdurc hydrolyzes sulfates and glycuroiiatcs of phenolic 
compounds The results were as follows. 2 0 mgm. of morphine HCl wcie 
added to 350 mgm of hvei slices and after 4 hours incubation 0 4G mgm. were 
recovered Aftei boiling 0 ‘IS mgm were reco\eie<l In order to prove that 
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conjugation had not taken place earlier, to be followed by hydroh'sis as the 
concentration of free morphine decreased, the experiment was repeated after 
30, 60, and 90 minutes of incubation. In no case did boiling increase the amount 
of estimatible morphine. It therefore can be assumed that no conjugation occurs 
and that the hydroxy groups are oxidized. The time curves for the oxidation 
of 1.0 and 2.0 mgm. of morphine HCl are given in Fig. 1. These experiments 
were repeated with dilaudid -nith the same results. Dilaudid is oxidized at 
approximately the same rate as morphine. 

Since codeine and dionine give no color with the reagent and since their 
presence in at least ten times the concentration does not interfere with the 
morphine estimation, it was possible to study the effect of these compounds on 
the oxidation of morphine by liver slices. Control experiments showed, how- 



ever, that both codeine and dionine after incubation with liver slices aerobically 
will reduce the silicomolybdio acid reagent to give the same color as morphine. 
Thus after 3.5 hours incubation of 1.0 mgm. codeine with 300 mgm. liver slices 
a color is produced that is equivalent to 0.13 mgm. morphine. From 2.0 mgm., 
0.20 mgm., and from 3.0 mgm., 0.22 mgm. is produced. The corresponding 
values for 1.0 mgm., 2.0 mgm., and 3.0 mgm. dionine are; less than 0.08 mgm., 
0.15 mgm., and 0.16 mgm. The production of this color can be due to the 
demethylation and de-ethylation of codeine and dionine respectively, or the 
presence of these compounds causes the liver to form a substance that ml 
reduce the reagent. To distinguish between these two possibilities is difficult. 
The breaking of ether linkages such as those in codeine and dionine has not beM 
reported to occur in the animal body. It would therefore be premature to 
attribute this color production to the conversion of codeine and dionine to mor- 
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phine On the other hand, one would fixpect a) that if codcme and dionine 
produced some reducing substance m liver morphine would also have some 
effect, and b) if such a substance were produced, tnpling the codemo concen- 
tration would increase the amount formed more than 0 08 mgm In no case 
was the color produced cqui\ alent to more than 15% of the codeine or dionine 
added Anaerobically no color is produced from these two compounds Aero- 
bically the brain produces none and the kidney only a trace 
Despite this complication, it was possible to show that the presence of codeine 
or dionine apparently inhibited the oxidation of morphine by liver slices Thus 
after 3 5 hours incubation 0 21 mgm morphine was recovered out of 1 0 mgm 
morphme HCl added 1 0 mgm codeine phosphate produced the equivalent of 
0 13 mgm morphine When 1 0 mgm codeine and 1 0 mgm morphine were 
incubated together the equivalent of 053 mgm morphine was recovered If 
the codeine had merely added its effect then an equivalent of 0 34 mgm mor- 
phine would have been obtained Consequently it is possible to assume that 
morphine is oxidized by a specific cn 2 ymc for which the codeine is competing 
rather than by, for instance, hydrogen peroxide formed as a by-product of the 
oxidation of some substrate in the hver 
Guinea pig liver will also oxidize morphine but more slowly than rat liver 
After 3 5 hours incubation only 0 4 mgm was oxidized out of I 0 mgm morphme 
HCl added to 300 mgm liver slices, whereas under the same conditions rat hver 
will oxidize 0 8-0 9 mgm Since the M L D of morphine for the guinea pig is 
almost twice that for the v\hite rat the rate of oxidation apparently' plays no 
direct part m determining the dose tolerated This must depend on the dis- 
tnbution of the drug m the body and the amount stored m tissues such as muscle. 

The above experiments indicate one of the means by which morphme can be 
altered m the body but do not elucidate the mechanism of its conjugation 

SUMMARY 

1 Morphine added to rat liver slices is oxidized apparently at the hydroxy 
groups Kidney and brain are inactive 

2 The reaction does not occur under anaerobic conditions or after boiling 
the slices Liver cell suspensions oxidize morphine much more slowly than 
slices 

3 No evidence of conjugation was found 

4 Dilaudid is also oxidized under the same conditions 

5 Codeine and dionine apparently inhibit the oxidation of morphine 
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The assay for digitalis adopted in the U.S.P. XII calls for the injection of a 
diluted tincture into the femoral vein of the cat until the heart stops beating. 
The injection fluid is to contain the estimated fatal dose per kg. in each 15 cc., 
and it is injected intermittently at the rate of one cc, per kg. every 5 minutes 
until the end point is reached. Ideally the number of injections in a group of 
cats should average IS but the Pharmacopoeia peimits assays with an average 
of 13 to 19 injections per group. How great an error maj' be introduced in the 
estimate of potency by a range of this magnitude? 

Vos and Dawson (4) have reported that in the range of their tests the fatal 
^ dose decreased as the rate of injection was lowered. Moreover, with some 
‘\i»,cardiac glycosides they obtained more precise measurements by adjusting dif- 
^ .ferences in body weight by covariance rather than by the commonly assumed 
iy relation of mg./kg. In unpublished e.\periments with guinea pigs at Ott.awa, 
Chapman observed a similar change in the lethal dose of tincture as the concen- 
tration of the injection fluid was increased. No experiments have been reported 
as yet, however, with the periodic injection technique of the U.S.P. XII assay. 
The present study was undertaken to fill this gap by determining whether the 
concentration of tincture affects the average lethal dose in the U.S.P. XII pro- 
cedure and if a range of concentrations other than 13 to 19 should bo used. 

ExPEnI^rB.^'TAL .METHODS AND RE.SULTS. Three experiments have been nin, 
each with a different commercial sample of digitalis powder which satisfied the 
requirements of U.S.P. XI as standardized on frog=. Tinctures were prepared 
from the powders by the method developed in the collaborative digitalis assays 
(1) and later adopted by the Pharmacopoeia. Prior to each experiment, pilot 
tests determined the concentration of injection fluid which would kill in 14 to 
18 injections at five-minute intervals. This concentration w!is designated a.s 
100 per cent and three additional solutions were made representing respectively 
125, 80, and 64 per cent of this quantity. In every case the solutions for injec- 
tion were prepared from the same undiluted tincture on the day of the te.-l. 
Each was injected at the rate of one cc. per kg. every 5 minutes until the heart 
stopped. 

The experiments were made upon groups of four cats, each cat in a gioiip re- 
ceiving a diffeient «ne of the four dilutions. tVith one exception, all cat.s in a 
gioup were injected on the same day and in most cases it wa.s possible to run two 
<rroups a dav. The cat.'- forming a group were selected for similarity in weight, 
Icugth of time held in the laboratory and the source from which they were of)- 
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tamed The cats varied in weight from 1 7 to 4 2 kg but only 15 of the 144 
cats exceeded the Plnrmacopoeial limits of 2 0 to 4 0 kg Smee the lethal doses 
foi the outsize individuals ^\ere consistent with those for the other cats, they 
hue been retained in the analysis 

Each experiment comprised 12 groups of four animals The first expenment 
Mus completed duiang the penod from February IQ to 17 inclusive, the second 
from February 18 to 25 and the third from February 25 to March 4, all m 1942, 
at the Laboratorj of Hjgicne in Ottawa, Canada Ether served as the anaes- 
thetic and unless otherwise specified, the conduct of the assays followed the pro- 
cedure described in U S P XII 

The experimental results have been summarized in table 1, where each row 
lists the data for 12 cats The mean number of doses (at fiv e minute interv als) 

TABLE 1 


<Summory of the original data of three experiments on the biological assay of dtgtlalis tn eats, 
tS eats in each row 


txntruEMT 
AHDSm 190 

TTNCTCiE W 
lOOCC OUN 
;ECTI0M KUTO I 

GEOKltaiC 

VEANWr 

orcAti 

1 

AVtKACE J«0 

or costs 

ctouzttic 
UEAN SOX 
VIVALTliCt 

LD50 or 

tDfCTOlE 

STAKSAID 

otvunoN 


„ 



m.f. 

ce/kf 


I 

2 04 

2 73 

26 3 

128 3 

7046 


2/10-2/17 

3 OS 

2 83 

21 4 

104 1 

7842 



4 60 1 

2 81 ! 

17 2 1 

83 1 

7830 


1 

5 75 

2 78 

16 3 

73 9 

8738 


11 1 

2 56 

2 85 

21 2 

104 0 

5421 

0414 

2/18-2/25 

3 20 

2 89 

19 3 

02 4 

0079 

0340 


4 00 

2 83 

14 5 

68 6 

5704 

0S29 


5 00 

2 80 

11 6 

55 5 

5763 

050a 

III 

2 56 

2 60 

21 2 

102 7 

5373 

0G31 


3 20 

2 05 1 

17 3 1 

« 3 

5o2a 

0154 


4 00 

2 71 

16 5 

79 0 

6491 

0S2S 


6 00 

1 2 08 

! 13 6 

1 05 5 

6705 

0747 


is an arithmetic avenge, the other three averages arc geometnc means or the 
antiloganthros of the mean of the log weight, of the log minutes survival, and 
of the log do‘!C, rcspectivelj Tlie anti loganthm of the mean log dose is pre 
sumably the best estimate of the LD50 and is so named m the table Tlic signifi- 
cance and interrelations of these v ahics will be developed m the rest of the paper 
The correction for sizr In the cat assay for digitalis differences in size are 
adjusted (a) by injecting digitaks at one cc of dilute solution per kg of bod> 
weight and (b) bj expressing the fatal dose in tc per kg With some cardiac 
glycosides, this has tended to ovcrcorrcct differences in weight (4), although 
with digitalis it h^s proved os svtisfnctoo os le^ arbitrarv alternatives (2) 
In the present data the bod> weight differed significant!} between groups 
However these difference-' did not affect t!i<* lethal dose sigmficantlv vihen ex 






THE DIGITALIS CAT ASSAY IN RELATION TO RATE OF INJECTION 

0. r. BLISS 

} ale. Umversttii anil Connecticut Agricultural Experimental Elation 

AND 

ar. G. ALLMARK 

Laboratory of Hygiene, Department of Pensions and National Health, Canada 

^ The assay for digitalis adopted in the U.S.P. XII calls for the injection of a 
diluted tincture into the femoral vein of the cat until the heart stops beating. 
The injection fluid is to contain the estimated fatal dose per kg, in each 15 cc., 
and it is injected intermittently at the rate of one cc. per kg, every 5 minute-s 
until the end point is reached. Ideall}’- the number of injections in a group of 
cats should average 15 but the Pharmacopoeia permits assays with an average 
of 13 to 19 injections per group. How great an error may be introduced in the 
estimate of potency by a range of this magnitude? 

Vos and Dawson (4) have reported that in the range of their tests the fatal 
dose decreased as the rate of injection was lowered. Moreover, ivith some 
cardiac glycosides they obtained more precise measurements by adjusting dif- 
,ferences in body weight b}' covariance rather than b.y the commonly assumed 
relation of mg./kg. In unpublished experiments with guinea pigs at Ottawa, 
Chapman observed a similar change in the lethal dose of tincture as the concen- 
tration of the injection fluid was increased. No experiments have been reported 
as yet, however, with the periodic injection technique of the U.S.P. XII assay. 
'I’he present study was undertaken to fill this gap by determining whether the 
concentration of tincture affects the average lethal dose in the U.S.P. XII pro- 
cedure and if a range of concentrations other than 13 to 19 should be used. 

Experimental methods and results. Three experiments have been run, 
each with a different commercial sample of digitalis powder which satisfied the 
requirements of U.S.P. XI as standardized on frogs. Tinctures were prepared 
from the powdera bj' the method developed in the collaborative digitalis assa 5 's 
(1) and later adopted by the Pharmacopoeia. Prior to each experiment, pilot 
tests determined the concentration of injection fluid which would kill in 14 to 
IS injections at five-minute intervals. This concentration was designated as 
100 per cent and three additional solutions were made representing respectively 
125, 80, and 04 per cent of this quantity. In everj^ case the solutions for injec- 
tion were prepared from the same undiluted tincture on the day of the test. 
Each was injected at the rate of one cc. per kg. every 5 minutes until the heart 
stopped. 

The e.xperimentb were made uiron groups of four cats, each cat in a group re- 
ceiving a different one of the four dilutions. With one e.xception, all cats in a 
gi'oup were injected on the same day and in most cases it was possible to run two 
groups a day. The eats forming a group were selected for similarity in weight, 
lengtii of time, held in the laboratory and the .soui'i'e from which they uere o 
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tamed The cats varied m weight from 1 7 to 4 2 kg but only 16 of the 144 
cats exceeded the Pharmacopoeial liimta of 2 0 to 4 0 kg Since the lethal doses 
for the outsize individuals were consistent ivjth those for the other cats, they 
have been retained m the analysis 

Each experiment comprised 12 groups of four animals The first experiment 
was completed dunng the period from Februarj id to 17 inclusive, the second 
from February 18 to 25 and the tlurd from February 25 to March 4, all m 1942, 
at the Laboratory of Hj giene in Ottawa, Canada Ether served as the anaes- 
thetic and unless othenvise specified, the conduct of the as^^ajs followed the pro- 
cedure described in II S P XII 

The experimental results haxe been summarized in table 1, where each row 
iLsts the data for 12 cats The mean number of doses (at five minute intervals) 

table 1 


•Summary of the onginal ilata of three expenmentt on the bioloyical asBoy of dygtlalts tn cats, 
tS cats tn each rou> 


i»etna)rr 
AHDBAre IMI 

TtNCTUie IM 

100 ec or tw 

lECTlQN HW!D 

; CEOUtTttC 

1 UtAj< WT 
or CAt» 

AVtlACC NO 

or coses 

crousTsic 
KZAit SV« 
VlVAVTUa 

LDIQ or 

XtSCTVXt 


i 

u 1 

tf 


mn 

ttJH 


I 1 

2 Ot ' 

2 73 

26 2 

12S 3 

7M6 

0621 

2/10-2/17 

3 CS 

2 83 

21 4 

IW 1 

7842 

0436 


4 CO 

2 81 

17 2 1 

S3 1 

7830 

0607 


5 75 

2 78 

IS 3 

73 0 

8738 

0620 

n 

2 56 

2 85 

21 2 

104 0 

5421 

0114 

2/1&-2/25 

3 20 

2 80 

19 3 

92 4 

6079 1 

0340 


4 00 

2 83 

14 5 

OS 6 

5704 ' 

0329 


6 00 

2 86 

11 6 

55 5 

5763 

0505 

III 

2 56 

1 2 66 

21 2 

' 102 7 

SSS 

! 0621 

2/25-3/4 

3 20 

' 2 65 

17 3 

84 3 

5520 

' CM54 


4 00 

2 71 

16 6 

79 0 

6491 

0S2S 


1 6 00 

2 63 

13 6 

65 5 

6705 

0747 


IS an arithmetic average the other three axerages are geometric means or the 
antiloganthras of the mean of the log weight, of the log minutes survival, and 
of the log do'^G, respectivelv The anti logarithm of the mean Jog-dose is pre- 
sumably the best estimate of the LD50 and is so named m the table The signifi- 
cance and interrelations of these v alucs will be developed in the rest of the paper 
The connECTioN for stzf In the cat as’^aj for digitalis differences m size are 
adjusted (a) by injecting digitalis at one cc of dilute solution per kg of body 
Height and (b) b> oxprc<!‘«ing the fatal dose in cc per kg Ilith some cardiac 
gljcoaides, this has tended to overcorrect differences m weight (4), although 
with digitalis it has proved as •^'itisfactorj as le^ arbitrarv alternatives (2) 
In the present dit*j the Jiodv weight differed significantly between groups 
However, tlie=e difference^ did not affect the lethal dose significantlv when ex- 
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prised in cc. per kg. Examination by covariance revealed no better way of 
adjusting for body weight than to use the simple ratio of cc. per kilogram as the 
measure of the lethal dose. 

>^ALTSIS OF THE VARIANCE BETWEEN INDIVIDITAL LETHAL DOSES. Three ex- 
perimente tested the dependence of the lethal dose upon the concentration of 
tincture in the injection fluid, wdiich in turn, governed the rate of injection. This 
relation and the effect of other variables in the experiment ivere examined 
statistically by the analysis of variance. Since the logarithm of the lethal dose 
of diptalis in cats has been shown to follow the normal distribution (1), the 
individual doses were expressed in logarithms for calculation. The results from 
the three series are given in table 2. 

The first two rows in Table 2 test whether the different samples of drug used in 
the three experiments were of equal potency. Since these samples had been 
standardized on frogs, this was a comparison in effect of their relative potency in 
two different species. Without adjustment for rate of injection, the preparation 

TABLE 2 


Combined analysis of variance for the three experiments, computed in terms of the individual 

log-dose of original tincture 


TESat 

DEQUES OE 
TtZZDQU 

UEAK 

SQDAET 

VAEUNCK EAHOF 

Experiment I vs. 11 and III 

1 

.683560 


127.11 

Experiment II vs. Ill 

1 

.008702 


1.90 

Between 4-cat groups 

33 

.004591 

1.15 

1 

Average slope of log-dose on log-concentration . . . 

1 

.068289 

17.06 


Differences in slope between experiments 

2 

.014330 

3.58 


Curvature 

6 

.004583 

1.15 


Error within groups 

99 

.004002 

1 



in Experiment I was only 73 per cent as potent as the average of those used in 
Experiments II and III, which latter w'ere of comparable potencies. These con- 
clusions are supported by the highly significant variance ratio in the first row 
of table 2 {F - 127.11) and the small ratio in the second row. Thesamples 
were tested in succession rather than simultaneously, so that the variation be- 


tween four-cat groups is here the appropriate error term. Because of the expen- 
mental design, the overall difference in potency between the three preparations 
did not bias the other comparisons in the table. 

The next factor of interest is the stability of the variance, which would deter- 
mine the most suitable term for the error in later comparisons. Although the 
cats in each group were selected for their similarity, in the 8 days covered by each 
series this procedure did not segregate any substantial differences in suscepti- 
bility to digitalis. The variance between groups exceeded that within groups by 
onlv 15 per cent (F = 1-15), much less than would be required for statistical 
significance. This agrees with the results of the U.S.P. coUaborative cat assays 
(1). Since the mean square betw'een 4-cat groups in table 2 agreed so neary 
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\\ith that for tho error \vitlun groups, differences betv-ecn days were disregarded 
in computing the standard dev lation from the 12 log doses for each rate of injec 
tion in each senes These have been listed in the last column of table 1 The 
standard deviations show ed no consistent trend related to rate of injection and 
did not differ more from one another than might be expected by chance (x" = 
14 56 n = 11, P = 0 20) In other words, differences mthc rate of injection did 
not affect the precision of the test The combined value for all estimates of the 
standard deviation was s — 0 06442 with 132 degrees of freedom 

The remaining terms in table 2 concern the mam objective of the study 
w as the fatal dose of digitalis related to rate of injection within the present range 
of concentrations? Taking the three experiments as a whole, the mean log dose 
required to stop the heart increased very significantly with the rate of admini 
stration as controlled by the concentration of the injection fluid This was 
determined from the variation attributable to the average slope of the straight 
Imes relating log dose to log concentration (P = 17 06, P < 0 001) The rela 
tion between these two variables could be fitted adequately by straight lines, 
since the mean square in Table 2 for curvature or non hneanty was very close to 
that for error (P « 1 15) However, the straight lines for the three experiments 
diverged from one another more than would be expected by chance for parallel 
lines (P *= 3 68, P < 0 05) Between Experiments I and III the difference m 
slope was not significant, but in Expenment II the trend of log dose upon log 
concentration was negligible and hence significantly less than the av erage for the 
other two Thus the analjsis m table 2 has shown that within the range of 
concentrations m the present experiments the mean lethal dose of digitalis may 
depend upon the rate of injection 

Effect orcoNCENTR.vTioN upon the ornCTALAssAi The analjsis m tablD2 
has established the existence of a linear relation between log do«e and the log 
concentration of tincture m the injection fluid The fact that the three experi- 
ments differed m slope would lead to caution m assessing the average magnitude 
of this effect In order to see how the individual means are distributed about the 
average slope the differences in the potency of the three samples hav e been ad- 
justed to a common basis and plotted m figure 1 The basis for this adjustment 
w ill be discussed m a later Section Smee the scatter of the plotted points about 
the computed line indicated a somewhat greater consistencj than would be 
judged from the analysis of variance alone, the combined regression coefficient 
of = 0 201 ± 0 053 has been used as the best a\ ailablc estimate for computing 
the potential bias in a U S P assa} 

The Pharmacopoeia requires that the dilute solution must be of such a con 
centration that the number of five minute injections required to reach the end 
point shall average not Ic'ss than 13 nor more than 19 m anj acceptable group 
Let us suppose that these extremes were to occur in a single assav , the reference 
standard averaging 13 injections and the unknown 19 injections Assuming a 
direct equivalence between the two quantities of digitalis, the potencj of the 
unknowm w ould be = 0 6842 that of the standard b> U S P definition How- 
e\ er, this has not been corrected for the relation betw een lethal d<«e and sumv al 
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time, and relatively less of the unknown has had to be injected to produce a kill 
m the larger number of injections. 

The correction may be based upon a linear relation between the log-dose ob- 
served experimentally and the true log-concentration of injection fluid with a 
s ope of b - 0.20 as in figure 1 . Then if the concentration of t he unknown were 
increased to the point where it would produce death in 13 injections, the required 
concentration in logarithms would be, not log as expected if the concentration 
of the dilute solution had no effect, but log H -f 0.20 log if or .1648 + .0330. 
In original units the e.xpected dose would be multiplied by the antilogarithm of 
.0330 or by 1.079. Hence the limits of 13 and 19 in the mean number of injec- 
tions could lead to a bias of about 8 per cent in the estimated potency of the un- 
known. Since 8 per cent more of the weak, unknown tincture would be required 



.681 I I 1 1 1 1 

02 03 04 05 06 07 08 


LOG -CONCENTRATION DURING INJECTION 

Fig. 1. Relation between Fatal Dose op Tinctobe op Digitalis and Its Concentba- 
TiON IN THE Injection Fluid, Both in Logabitbmic Units 
The results for three tinctures, identified by different symbols, have been adjusted to the 
same potency, as described in the text 

than expected from the ratio of if to produce death in the same 13 doses as the 
standard, its true potency would be overestimated b5’- the hypothetical assay 
just described. Conversely, the true potency of strong tinctures would be under- 
estimated. 

In practice, of course, such extreme differences would rarely occur. Adjust- 
ments of the concentration of the injection fluid based upon pilot tests usually 
would have reduced the difference by half or more, and eliminated the correla- 
tion between the true potency of the tincture and its relative dilution in the in- 
jection fluid. Hence it is likely that the bias would seldom exceed 4 per cent of 

the estimated potencj'. . 

An alternative criterion fob evaluating pote.vcv. In view ol the 
dependence of the lethal dose upon the rate of injection, a method of assay would 
be preferred that depended le.ss upon one’s success in predicting the potency of the 
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unknown The three experiments m the present studj , for example, %\ere made 
wth tinctures of different potenc> In assaying their relative values, should 
one base his estimates only upon those groups of 12 where the average number of 
injections fell within the pharmacopoeial limits of 13 to 19? In such a case the 
relative potency of the powder in Expenraent I would be determined from the 
results of two dilutions, that in Experiment II from one dilution and that in 
Experiment III from three dilutions (see tabic 1) An estimate of relative 
potency based upon all of the data would be more reliable statistically than one 
computed from only part of the evidence 

This requirement can be met by using the loganthm of survival time as the 
response Survival time was recorded in minutes for each cat, independently of 
the number of injections It has the adv anlage of being measured on a rclativ elj 
continuous scale instead of one divided m mtermittcnt parts If the cat dies 
during an injection, the question docs not arise as to whether the fatal dose 
should or should not include this last portion Because survival time is so 
closelj linked to the fatal dose, both involve the same pharmacological response 
and potency computed from one should hav e the same clinical value as that from 
the other Since the logarithm of the dose has been shown to follow the normal 
distnbution, the logarithm of survival time would be expected to do the same, 
so that minutes have been changed to loganthms for the present entenon of 
response 

The calculation of potency and its error m an a^ay based upon survival time 
closelj parallels that involving a true graded response, so that methods suitable 
for the latter (3) have been applied here with little change The sj mbol y has 
been defined as the response in log minutes and x ns the log concentration of 
the injection fluid The data for each experiment have l)cen computed m two 
wajs (1) All observations were included m a single dosage response curve 
with four equally spaced log concentrations or doses (2) The same data were 
computed os an assay on the assumption that the first and third concentrations 
represented the “standard” and the second and fourth concentrations an “un 
known ” 

The CONCENTRVTIOX RESPONSE CURVE FOR DIGITVLIS TllC rCSUUs of CalcU 

lation OS a dosigc response curve arc given for each e\penmcnt separately in 
Table 3 The relative importance of the UifFcrcnt sources of vanation mav be 
judged fiom the mean squares in the analysis of vaimnce of the first four row*? 
In the first cNpenmcnt the variation Ixjtwoen four cat groups was less than its 
error — the mtenction of groups bv doscs^ — \nd in the second expenment the 
relation w^s reversed, witli both apparently significant {F < 0 05) 'Ihis re 
vcrsal and the equivalence of the two terms m ENpcrinicnt III Mlgge‘^{c(^ tint 
ov cr the three CNperimcnts the v ananccs liclwcen and within groups might li we 
differed onlv bv the crior of 'sampling The six v iriinccN were tlien tcsto<l for 
homogeneity by x". which showed that the difTcrcnccs between them could be 
ittnbutcd to chance (x' ~ S74,n ~ 5, P = 0 12) Hence both the differences 
between foui cit grouji^ and the iiitci iction of gioujxs bv diV'Cs have been com 
bincd in computing for each (\penmcnt the sfimlanl ?Ioviition in re‘'pon''e 
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(s). The variance (B») attributable to the slope of a straight line relating log- 
time (p) and log-dose (x) was much the largest term in all experiments. The 
i vanances for curvature indicate that the relation between x and p could be 
fitted adequately by straight lines. ' 

The precision which may be expected in bioassays based on the logarithm of 
survival time is determined by the standard deviation of the log-dose as estimated 
from the dosage-response curve. This is equal to the ratio of the standard devia- 
tion (s) to the slope of the curve (h) or 


A = 


s 

w 


( 1 ) 


TABLE 3 

Analysis 6y separate experiments of log-minutes survival time with a single dosage-response 
curve computed from all four dilutions or doses 



D. r. 

j XESUI.TS FBOU EXPEWMENT NO. 



I 

II 

III 

Variance or mean square for 





Differences between 4-cat groups. . . 

11 

.00158 

.00907 

.00452 

Slope of dosage-response curve (B’). 

1 

.39886 

.53913 

.22614 

Curvature about straight line 

2 

.00326 

.00649 

.00365 

Interaction of groups by doses 

33 

1 .00433 

.00357 

.00507 

Statistics from dosage-response curve 



1 

1 


Standard deviation in response, s. . 

Slope of curve, 6 

Standard deviation in log-dose, X. . . 

Mean response, y 

Mean log-dose, £ (+2) 

44 

.06037 
-.8413 
.0718 ±.0103 
.9785 
,6143 

.07031 
-.9781 
.0719 ±.0103 
.8909 
.5536 

.07025 
-.6335 
.1109 ±.0202 
.9129 
.5538 


where |6| indicates that here the slope is taken as .positive. By transformation 
of Equation (11) in reference (3), the standard error of X may be computed as 


Sx = 



( 2 ) 


where s is determined with n degrees of freedom and is the term in the analysis 

of variance measuring the variability in y attributable to the slope b. 

The values of X in table 3 have been computed -with Equations (1) and (2). 
In terms of X, the three experiments were in agreement = 3.31, n = 2, 
P = 0 19) and the weighted mean (X — 0.0703 ± .0068) was but little greater 
than the standard deviation in terms of the log-dose directly (s = 0.0644 
n = 132) However, the three experiments differed significantly in the slope of 
the dosage-response curve (P = 0.024), even though the ratio of the standard 
deviation to the slope varied within the samplmg error. 

The calculation of belative potencies. When the same sample of dmg 
has been tested at four dosage levels spaced equally on a loganthmic scale, 
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experiment can be analyzed alternatively as an assay Ihe first and third doses 
maj be assumed to represent the standard, and the second and fourth doses an 
unknoivn preparation A factorial analysis has been described (3) ivith which 
the terms essential for the estimation of potencj can be computed from the totals 
of the responses to four such doses Tlic vanances computed by this method are 
listed in the first three rows of table 4 The first row gives the variance attnbut 
able to the difference in potency between the standard and unknown, m eveiy 
case It exceeded the error many times The second row measures the average 
effect of the known difference between the two high doses and the two low doses 


TABLE 4 

Anal jsis as three assays tii terms of log mtnutes survual, a<sm iing that the first and third 
doses Here the standard preparation and the second and fourth nn untnoarn 



ttSOlTS rkOM SCPAtATC EXFZIlUKNIS 

COUXINED 

D F 

I 

11 

111 

D F 


Variance or mean square for 







Difference between samples (D*) 


06021 

0610{ 

0S342 

1 

20445 

Slope of parallel curves (fl*) 


34037 

48501 

14997 

1 

02641 

Divergence from parallelism 


004$C 

00510 


1 

00001 

Error (a*) 

44 

00364 

00494 

00493 

132 

00451 


■ 









+ 07188 

+ 08338 


+ 07536 



- $6393 

-! 0372C 

- 57678 


- 82766 


■ 

0CO18 

06778 

12180 


03112 

Potency from separate assays 







In logarithms M ds su 


0815 

0693 

1446 


0911 



±. 0218 

± 0208 

± wsa 


± 0149 

Comparison with true M (t) 

44 

707 

1 329 

1 0S6 

132 

392 

Potency from combined b* and X» 







In logarithms V ± Su 


OS56 

OSCS 

1007 


0911 



± 0213 

± 0242 

± 0244 


rb 0149 

In percentages 


121 8 

122 1 

126 1 


123 3 



±G 8 

±6 8 

±7 1 


d:4 2 

Comparison with true U (<) 

132 

4C9 

416 

157 

132 

392 


or that due to the slope of the best fitting pair of parallel lines for standard and 
unknown It was bj far the largest term The third row tests the di\ergcncc 
from pirallclism of separated fitted curxes for standard and unknown In no 
case was this so great as to throw doubt upon the use of parallel lines These 
terms are c\aluatcd bj companson with the mean square for error (s*' in the 
fourth row of the table It represents 44 degrees of freedom and includes the 
variation between groups and the interaction of groups ivith treatments 
The results for all three ‘ assajs ' ha\c been combined m the last column of 
table 4 Thej arc based on the differences between the totals of all three cxpori 
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ments for each factor. In each row the combined value is less than the sum of 
the three vanances for the individual experiments. The difference, with two 
degrees of freedom, is the sum of squares for the discrepancy between the three 
experiments in respect to each term. 83’- this criterion there was good agreement 
in the fiist and third items but significant disagreement in slope, as would be 
anticipated from the preceding section. 

Graded-response a.ssa3's are generallj'^ computed as self-contained determina- 
tions of potency, and modem experimental designs have placed them upon a 
quantitative basis such as in reference (3). This would seem especially desirable 
here, in view of the significant discrepanc3'’ among the three experiments in slope. 
On the assumption that the mean log-doses were equal (xj = %), the log-ratio 
of potenc3', 31, and its error, sjf, have been computed for the separate “assays” 
by the equations 


and 


Sjf = 



(4) 


where £>, B and s are the squai-e roofs of the first, second and fourth entries in 
table 4, lilf] indicates that 31 is taken as positive, the log-interval between suc- 
cessive doses of both standard and unknown, / = 2 X 0.0969 = 0.1938 and 
k = 1. These imlues were then compared with the known, true log-potenc3' of 
0.09G9 b3' the t-test, none of the estimates diverging more than would be expected 
from their respective errore. The combined estimate of 31 = 0.0199 ± .0149, 
computed with the combined slope h = —0.8277 apjiroached the true value 
more closely than that for an.v individual experiment. 

The use of co.mposite values in computing potencv. UTien the same drug 
is assa3'ed repeatedl3' in a given laboratory, its potenc3f can be determined more 
efficiently through the effective use of past experience. Two statistics are deter- 
mined repeatedly in each assay, the standard deviation of the response and the 
slope of the dosage-response curve. If these should var3' onb'^ within the samp- 
ling error in successive experiments, values determined from a series of absa3's 
should lead to better estimates of relative potency and its error than if they weie 
based upon a single experiment. 9’he log-ratio of potencies ma3" be computed as 


31 


i/f! — yv 

'6c 


(5) 


where the mean log-do.ses, ‘“xl ^u, hn-ms of full-strength tincture, the 

mean responses, Vs and are computed from the mdividua l as.say and the slope, 
b is that determined from this and other similar, mutually consistent expen 
meiits The standard error of 31 may then be written as 


«« - Xc/|/ -f 752 


(6) 
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■where Nu and Ns are the number of ol^ervatiohs on standard and unknown 
respectively in the individual assay, os defined by Equation (1) is computed 
from pooled estimates of s and and represents the effect of slope in an 
analysis of variance for all experiments used in computing b«. Thus, if 


then 


he 


_ 5[^I 


B] 


Sin?] 


- beSM, 


( 7 ) 

( 8 ) 



Fxo. 2 . Dosage-Hesponbb CunvES for Detebuinino niE Relative PoTENaES of Tdree 
Tinctures from the Logabithm of tue Survival Tiue 

where 5[xj/] and Six®] are, respectively, the sums of the numeratora and of the 
denominators of the slopes for the individual experiments. 

The use of the combined values, b, and X«, in computing the relative potencies 
in the three experiments of table 4 has one serious objection. The odds were 
small (P s= 0.005) that the individual slopes were samples from the same popula- 
tion. Against this finding ivas the consistency in (ys — Vu) and in On the 
assumption that the differences in slope were the occasional rare large discrep- 
ancies which can arise by chance alone, the log-ratio of potency and its error 
have been recomputed by Equations (5) and (6) for each experiment, taking the 
values for B], be and from the last column of table 4 and the differences 
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{Vv Vs) from the columns for the individual experiments. In each case, of 
course, ^ - Ns - 24. The resulting potencies have been listed in the last 
rows of table 4 and compared by the statistic I ivith the true value of ikf = 0.0969 
or 125 per cent potency. In eveiy case the new assajmd potency was nearer the 
true value than when computed individually. 

The relative potency of the three preparations of digitalis. The 
log-survival time provides a method for Measuring the relative potency of the 
three preparations used in the present experiments. The mean response at each 
log-d^e has been plotted for each sample in figure 2. Parallel lines ivith the 
combined alope, he = —0.8177 were then dravm through the mean response 
for each experiment at its mean log-dose (table 3). 

Designating the most potent of the three preparations as the standard, that 
in Experiment II, the log-ratio of potencies for the other two have been computed 
by Equations (5) and (6) as M/ = -0.1679 ± .0181 and Mui = -0.0270 db 
.0168. The variance of the plotted mean values about the three parallel lines in 
figure 2 was not significantly larger than that of the individual y’a about their 
respective means (P = 1.68, n, = 8, nj = 132, P > 0.1). In view of this finding 
and the greater accuracy obtained with a combined slope in the analysis as test 
assays, the three preparations have been handled here as if any lack of parallelism 
in their dosage-response curves were fortuitous. Assigning the sample of 
digitalis in the second experiment a potency of 100 per cent, that of the first 
experiment has a potency of 67.9 db 2.8 per cent and that of the third experiment 
a potency of 94.0 ± 3.6 per cent. 


SUMMARY .AND CONCLUSIONS 


In the assay for digitalis the U.S.P. XII calls for adjusting the concentration 
of the injection fluid so that it will contain the estimated fatal dose per kg. in 
15 cc. This is injected at the rate of one cc./kg. every 5 minutes and the average 
number of injections in an acceptable group of cats must not exceed limits of 
13 to 19 for an official assay. To test the importance of this restriction four 
groups each of 12 cats have been injected with dilutions containing 64, 80, 100 
and 125 per cent respectively of the estimated fatal dose, in each case at the rate 
of one cc. per kg. The e.xperiment has been made with three different prepara- 
tions of digitalis, requiring R total of 144 cats. 

In three experiments the lethal dose increased with the concentration of digi- 
talis in the injection fluid which, in turn, controlled the rate of injection. The 
increase was statistically significant in 2 of the 3 cases. The relation between 
log-dose and log-concentration was linear and has been fitted by a straight line 
with an average slope of h = 0.20 ± 0.05. In other words, a two-fold increase 
in the concentration of tincture in the injection fluid increased the lethal dose in 
terms of the original tincture by approximately 15 per cent, apart from any ot er 
change in procedure. If the groups of cats comprising an assay were to require 
13 and 19 injections respectively, the greatest allowable difference, the percen ag 
potency of the sample could be biased by 8 per cent through this factor alone. 
Since the relation between log-concentration and log-dose in these experi 
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linear, the required concentration of the dilute solution could be decreased to the 
present minimum and yet not eliminate this factor The potential bias could be 
reduced, ho\\ ever, by restricting the allowable difference m the average number of 
injections betw een the two groups of a smglc assay 

An alternative procedure for the cat assay has been examined with the present 
data, based upon the linear relation between log concentration of the injection 
fluid and the log minutes survival time In design and analysis it is equivalent 
to an assay based upon a graded response The methods of statistical analysis 
suitable for self contained assays h we been extended, so that past expenence 
can be used as it accumulates When the present expenments w ere computed 
as test assays b} this procedure, the estimated potencies agreed very well with 
the true value The mam advantage of the new techmque is that it does not 
require as accurate a fqrecast of tlie potency of an unknown preparation as the 
official assay, its mam disadvantage is that it would not reduce the number of 
cats needed to obtain a given precision It should be of value, however, m the 
prehmmary experiments which usually precede an official assay 
We are indebted for technical assistance to Mr Walter Bachmski and to 
Miss Barbara Bartels This study has been aided by a gmnt from the Gus- 
tavus and Louise Pfeiffer Research Foundation 
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During the past fifteen years three discoveries were made which have had a 
marked influence on the course of bacterial chemotherapy and related fields 
The firet discovery made by Fleming (1) in 1929 was the forerunner of the work 
on penicillin by Chain, Florey et al (2); the second made by Domagk (3) in 1935 
led to the synthesis of numerous sulfonamides; and the third, made by Dubos 
in 1939 (4), stimulated intensive search for chemotherapeutic agents among the 
microbial population of the water and soil. All approaches proved highly suc- 
cessful, as evidenced by the appearance of a number of useful chemotherapeutic 
agents, such as sulfanilamide, sulfadiazine, tyrothricin and penicillin. 

The majority of the preparations introduced to date appear to be mainly 
effective in infections produced by gram-positive bacteria, although a few gram- 
negative species, such as the gonococcus and meningococcus are extremely sen- 
sitive to the sulfonamides (5, 6), as well as to certain antibiotic agents (7, 8). 
Reports also suggest that while a few sulfonamides (9, 10) appear to be useful 
in the treatment of bacillarj'’ dysentery, the occurrence of toxic effects, such as 
urolithiasis (11), nausea and vomiting (12) leaves much to be desired in the 
chemotherapj’' of this disease. JMost gram-negative bacterial infections, how- 
ever, such as those related to the Colon-typhoid, Salmonella and Brucella groups, 
remain quite refractory to treatment with the chemotherapeutic agents available 
to date. In view of these facts, as well as the apparentij^ increased incidence of 
primary and secondary gram-negative bacterial infections resulting from the 
war, the availabilitj^ of an agent capable of curing local and systemic gram- 
negative infections in man and animals would seem of particular importance at 


this time. 

In 1940 Waksman and Woodruff (13) undertook a study designed to obtain 
micro-organisms antagonistic to gram-negative bacteria. In the course of their 
investigation, several antagonistic actinomycetes were isolated and studied. 
Among those of particular interest was an organism named Actinomycetes laven- 
dulac, which produced under certain conditions a new antibiotic agent named 
streptothricin. In contrast to most chemotherapeutic agents of microbial 
origin, such as penicillin (14) and gramicidin (15), whose action is directed pn- 
marily towards the gram-positive bacterial forms, streptothricin proved highly 
active in vitro against all gram-negative bacteria tested. A recent publication 
by Foster and Woodruff (16) showed streptothricin to be active also tn vitro 
against a number of gram-positive bacteria and fungi. A preliminary stuSy by 
Metzger et al (17) suggested that crude streptothricin was effective m eontro ling 
the course of Brucella infections in guinea pigs, while one of us (H. R.) found the 

drug active tn w'ro against E. coif in mice (18). , , r Uo 

The present communication is primarily concerned with the efficacy of crud 
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streptothncm m a vanetj of bactenal infections, and also m infections produced 
by Trypanosoma equtperdum and the virus of epidemic influenza 
Materials Streptothncm * The crude spreptothnem used in this study 
vaned in potency from 5,000 to 300,000 units* per gram, and ^\as isolated from 
two types of culture media described by Waksman and 'U’^oodruff (13) and 
Woodruff and Foster (19) Although there was considerable difference in the 
toMcological and pharmacological properties of tho streptothncm obtained from 
the two types of media, there appeared to be little difference m their behavior 
towards bacteria in mtro or tn itio as determined on a unit basis 
Animals Mice of the Carworth Farms, CFI strain, weighmg about 18-22 
grams each were used for the bacterial in into tests The CFW strain, weighing 
9-11 grams, was employed in the virus studies The animals were mamtained 
on a balanced diet, with water a\ailable at all times 
Bactenal Strains A vanetj of pathogenic gram-positive and gram-negative 
cocci and bacilli were employed in the in vilro and tn viio studies Most strains 
were highly mouse virulent, and were maintained at peak virulence by frequent 
passage through mice In most cases the oiganisms were grown at for 
SIX hours m brain-heart infusion media In the case of certain fastidious organ- 
isms, sucli as Strep kemolyticus and Dtplo pneumoniae, the brain heart medium 
was supplemented with 10% defibnnated rabbit blood, and for growth of tho 
strict anaerobes, with 0 1% agar agar 

The virus end protozoa studies were performed using the virus of epidemic 
influenza, strain PR-8, and a strain of Trypanosoma cgniperdum In each case, 
the culture was maintained bj senal passage through mice 

Mftuoos In itlro Studies Three testing procedures ncre used for determining the 
bactcnostiitic and bactericidal nctivitj of etrcptothricm ngamst pathogenic bacteria 
These have been described in previous communications (20 21), and therefore vvill only be 
referred to here ns Ivolmer e method, the agnr plate method, and the rotating rack testing 
procedure 

IheinttlroBssaypcrlormed with the innuenra virus ronsisled ol mining the infected lung 
suspension with the drug on a mixing machine winch rotated slowly at room temperature 
tIiroughouta2-l hour test period The viabilitj of the virus was then determined bj dilut- 
ing the mivturc in a 50% scrum-saline solution through 10 * and inoculating 0 02 ec of the 
10“‘ 10 ‘and lO”* dilutions intranasall> into mice of the CFW strain Control experiments 
were performed at the same time bj mixing the lung suspension with sterile saline in order 
to be certain that the virus remained viable and infective under these conditions 

In i uo Sludtes —For the bacteriological tests, six hour broth cultures of the test organ- 
ism were diluted m broth or 4% mucm through 10~*, and 0 5 cc of the 10“\ IO“* and 10"* 
culture dilution was injected intriperitonenllj into each of the test mice Titration tests 
and blood agar pour plates showed this quantity of culture to vary between 10 000 and 
too 000 lethal doses, of bacteria depending on the particular strain emplojed Treatment 
withstroptothricin w as initiated at various time intervals following the bacteria! inocula- 


‘ Tlic Blrcptothricin cmplovcd in these studies was obtained from Drs R Dcnkwalter, 
U Peck, M Tishler and A VValli of the Research Laboratories of Merck A Co Inc , 
from cultures grown by Dr J V\ Foster 

* A unit ofstreptothricin is tic minimum quantitj of drug which when added to 1 Occ of 
nutrient I ruth will inhibit a given «train of E coli 
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tion, and ranged from one minute to 10 hours after the injection of the test organism The 
drug was gjven by intravenous, subcutaneous, intraperitoneal and oral administration in 
varying dose levels and at varying time intervals after the bacterial infection 

For the in vivo experiments with the influenza virus, a lung suspension was diluted 
through 10 ‘ in the serum-saline solution, and 0.02 oc. of the lO'*, 10-' and 10-< dilution was 
inoculated intranasslly into mice. Treatment by subcutaneous injection was initiated 
immediately following the intranasal inoculation, and repeated once daily or at 6 hour 
intervals until death of the animal. 

In the case of the Trypanosoma eguiperdum infections, the blood of an infected mouse was 
diluted in citrated saline so that two to three organisms were found per field (HOX). One- 
half cc. of this blood dilution was inoculated intraperitonenlly into each test mouse. Treat- 
ment was the same as for the virus mice. 

Throughout the course of the bacterial in vitro and in vivo studies, a number of observa- 
tions were made on the morphology of the test organisms. The effect of streptothricin in 
certain cellular and humoral defense mechanisms of the host, such as phagocytosis and 
agglutinin production were also studied. The action of the drug on bacterial toxins and 
virulence was considered. 


TABLE 1 


Acute toxicity of streptothricin for mice 


DOSE 

MO. OF incc/oosE 


PEE CZST UORTAttTV 
S DAY ODSEEVATION 




I.V. 

s.c. 

Oral 

30,000 

10 

0 

0 

0 

60,000 

10 

20 


0 

125,000 

10 

20 


0 


10 

80 


0 


10 

100 

100 

10 


10 

100 

100 

30 


Toxicity. The results concerned with the toxicity and pharmacological properties c 
streptothricin will be reported elsewhere (22). However, a summary of the acute toxicit, 
in mice of the streptothricin employed in these studies is given in Table 1, in order to evalu 
ate the chemotherapeutic index of this material. 


RESULTS OF BACTERIOLOGICAL TESTS IN VITRO 

Agar Plate Method. Table 2 summarizes the results of these experments, 
Streptothricin in relatively small amounts was bacteriostatic to a variety of 
gram-positive and gram-negative pathogenic bacteria. The drug was particu- 
larly effective against gram-negative bacteria, although certain species, such as B. 
vvocyaneus and B. proteus showed considerable resistance. Thus, while con- 
centrations of 4 units per cc. were required to completely mhifait the gro'vth 
of E tyvM, quantities as great as 512 unite per cc. had no apparent effect on 
B vrotms. There also appeared to be a considerable difference m the resistance 
of strains among the same species, as evidenced by the results obtained ivith 
four strains of Strep, hemolyticus and four strams of Staph, aureus Strep, 
viridans and Strep, lactis were not influenced by concentrations of streptothricin 
r S “its per ec. Both org»iso» were po,™usly too.d h.gbly 

resistant to penicillin (21). 
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Kolmer*s Method The results of the bacteriostatic test obtained with this 
testing method were in many respects similar to those described above In 
addition, howe\ er, it was possible to demonstrate by this procedure that strepto- 
tbncin exerted a. killing effect as well as an mhibitic action upon the same organ- 
isms shomi m table 2 Streptothncin was relatively ineffective agamst the 

TABLE 2 


Bacterioslatic aclton of tlreptolknetn agar plate method 


OSCAMSU 

COHCXMTIAnOU lEQVllZD TO TtODDCZ COUnETE 

wnramoH 


smpielkfWH ultils ftr tc ef eisr 

Strep hemolylievs 16S5 

32 

Strep hemolyticua MIT 

256 

Strep hemolyticua M 

256 

Strep viridans 

1024 

Strep laclta 

1024 

Staph aureua SM 

16 

Staph aureua FDA 

12S 

Staph aureus SP 

128 

Staph aureus 155 

128 

Diplo pneumoniae Tjpe I 

32 

B myeoides 

1024 

B eubtihs 

32 

E typht 

4 

S aerlrycke 

1C 

S enlerittdts > 


S sehottmCllert 

16 

B fiexnen 

32 

B tonne 

128 

P lepisepttea 

32 

B proteus 

512 

B pyocyaneus 

256 

N meninpiUdia 

256 

E eott 

16 

S leulea 

256 

A aerogenes 

256 


XOUCEI S IfETBOS 

Cl tcelcbit 

>855 

Cl telant 

>1080 

Cl sordelli 

>1080 

Cl sepixque 

640 

Cl novyi 

270 


gram positi\e anaerobic pathogens, such as Cl tctani, Cl xcclchti. Cl eeptique 
and Cl sordellt, in that thc«c orgoniams were not inhibited at the maximum 
concentration of streptothncin emplojwl The drug had some killing effect on 
Cl novyi 

Rotating Rack Method The results of a typical expenment are given in 


394 


harry J. ROBINSON AND DOROTHY, G. SMITH 


table 3 and show that quantities as small as 5 units of streptothricin per cubic 
centimeter of broth exert a killing effect upon S. schottmuUeri within 2 to 4 hours. 
Smaller amounts of 1.25 and 2.5 units retarded the growth of the test organism 
over a 10-hour period, but eventually the organisms multiply and become abun- 
dant. Similar results were obtained mth E. coK, S. aerlrycke, E. typhi and 
Staph, aureus (Smith). Other strains of hemolytic streptococci and pneumo- 
cocci were somewhat more resistant. When blood was used as the test medium, 
the results were modified somewhat, but such changes were e-xplainable solely 
on the basis of the stimulating, or in some ca.ses, the inhibiting effect fresh rabbit 
blood had on the test organism. 

Factors Influencing the Activity of Streptothricin In Vitro. Foster and Wood- 
ruff (16) showed that the pH of the assay medium and the presence of inorganic 
salts inRuenced the in vitro activity of streptothricin, while the size of the inoeu- 


TABLE 3 


In vitro efficacy of streptothricin in broth against S. schottmuUeri {rotating rack technique) 


TUBE NO. 

STRErrOTaBICIK 

PER cc. or 

BSOTfl 

UNITS 

NOUBER or \'IABLE UACTEEIa/O.I CC. OF BROTH 

Time in hours 



Q 

2 

4 

6 

8 

10 

24 

» 1 

0 

1750 

00 

CO 

00 

CO 

00 

00 

2 

0 

2000 

09 

00 

CO 

CO 

00 

00 

3 

0.62 

2100 

00 

« 

40 

11 

10 

00 

4 

1.25 

1800 

3000 

41 

I 

10 

8 

00 

5 

2.5 

1850 

480 

14 

57 

500 

CO 

CO 

'6 

5.0 

2100 

4 

0 

0 

0 

0 

0 

7 

10.0 

1920 

0 

0 

0 

0 

0 

0 

S 

20.0 

1850 { 

0 

0 

0 

0 

0 

0 


M = Infinity. 


lum was of no particular significance. Our experiments confirm these findings 
and show further that blood, serum, peptone and a number of vitamiM of the 
B Complex, including thiamin, riboflavin, pantothenic acid and pyridoxine have 
no significant influence on the activity of streptothricin. Since the experiraents 
were performed with E. coli groivn in a synthetic medium (23), the slight inhibi- 
tory effect of certain of the foregoing substances was attnbuted to the stimu- 
lating effect they had on the growtii of the test orgMism. 

Morphological EJJecls. Similar to the findings of Foster and Woodruff (16) 
streptothricin was found to produce marked morpholoffcal J 

those reported in the case of penicillin (24) and the sulfonamides (25). _ These 
coSLed of marked elongation in the case of bacilli, and a considerable increase 
• Ainmeter with cocci re-ulting in the production of many bizarre forms. h 
characteristics were also modified somewhat in that gram-positive organ- 
isms frequently appeared to be gram-negative. 
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results or IN VIVO tests 

xtravenous Therapy Single doses of 100 units of streptothncm (0 33 mgm 
[)0 unit matenal) given by intravenous injection ^nthin ten to fifteen minutes 
r the bactenal inoculation protected 94% of the mice infected with 100-1000 
al doses of S echottmullerXi as shoivn m table 4 Smaller amounts of the 
; offered some protection, fls evidenced by the survival of 56% of the mice on 


TABLE 4 

'fficaey of streptoihnctn tn mice tnfected vnthS $chcttmdlleTi (Inlravenout therapy) 


iDism 

of culture 

CtiOU 

itment 

^almoneha scAonmtllfm 

6 hours 

0 5 cc of a 10~* culture dilution in 4% muem injected intra 
'peritonealiy 

StreptothricjQ given intravenously immediately after bac 
terial inoculation 

it 1 


WITS/ 

MO or 

evLTme 

MO SDIVlVtMC IM DAYS 

% sc« 


wwilt 

1 

PAY 


! 1 I 1 3 { < 1 i 1 6 1 7 1 S 



Therapy a amgle dose 
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the bactenaJ injection, although essentially the same results were obtained if 
treatment was delayed for 30 to 45 minutes. The effective dose under these 
conditions w^ similar to that required for effecting a bactericidal action in vitro 
and the results suggest, therefore, that the mechanism of action in vitro and 
in vivo is essentially the same. 

Subcutaneous Therapy. Streptothricin in a single dose of from 100 to 200 
units per mouse (5000 to 10,000 units/lcgm.) given by the subcutaneous route 
immediately after the bacterial inoculation protected mice against a variety of 
gram-negative bacterial infections. Since the results were similar for a number 
of bacterial species, only the results with one test organism are given in table 6. 


TABLE 5 

Bficacy of sireptothricin'm mice infected with S. schottmClleri {Inlraperitoneal therapy) 


Organism 

Salmonella schottmulleri 

6 hours 

0.6 cc. of a 10“* culture dilution in 4% mucin injected intra- 
peritoneally. 

Streptothricin given intraperitoneally immediately after bac- 
1 terial inoculation 

Age of Culture | 


Treatment 



NO-OP 1 

To?/ 

CDLTiniE »• 

t 1 2 3 1 4 5 1 ‘ 1 ' * 


Therapy: a single dose 


40 

Strepto- 

3.1 

1 

1 

10-' 

5 

4 

4 

3 

3 

3 

3 

3 

7.5 

40 

thricin 

6.2 

1 ' 

io-‘ 

19 

18 

17 

13 

12 

12 

12 

12 

30.0 

40 


12.5 

1 

10'‘ 

36 

31 

31 

31 

31 

31 

31 

31 

77.5 

40 


25.0 

1 

10-» 

35 

33 

33 

33 

33 

33 

33 

33 

82.5 

40 

1 


50.0 

1 

10-‘ 

37 

37 

37 

37 

37 

37 

37 

37 

92.5 


Therapy: none 



Among the bacteria which are particularly sensitive to streptothricin are E. coli, 
S. schdttmuHeri, S. aertryche and B. lypU. Quantities less than 100 units also 
afforded some protection in the case of the foregoing organisms, in that doses of 
50 units per mouse protected 50% of the animals. The lives of mice infect^ 
with B. proteus and B. pyocyaneus were prolonged somewhat by streptothnem 

therapy, but eventually most of the animals died. 

men streptothricin was administered once daily over a five-day Penod, the 
results were essentially the same as those obtained by a smgle treatment H - 
ever when the drug was given repeatedly every six hours over a five^ay pemd, 
the kectiveness of streptothricin was enhanced to the extent that 50 urn P 


STREPTOTIimCIN KB A CHEJIOTHERAPEUTIC AGEVT 


397 


mouse protected 95% of the animals (table 6) These results suggest that 
streptothncin, like penicillin, is rapidly excreted or destroyed m the body Pre- 
liminary findings show, however, that a large proportion of the drug is excreted 
by the kidney (26) 


TABLE 6 

Efficacy of streptothncin mice infected vnthS schollmUltcrt (Subcutaneous therapy) 


Organism 

Sufmonrffa sehoUmutleri 

Age of culture 

C hours 

Infection 

0 See ofalO *cuUurcdilutionin4%mucin 

Therapy 

! 

Streptothncin given subcutaneously immediately after bac* 
tens! inoculation 


NO or 


HKITS/ 1 

Ko or 

CDLttf»E 

1 KO SOtVlVIKC IN DAYS | 




DAY 


1 ■ 1 I 1 3 1 4 1 ! 1 6 1 7 

1 » 1 


Therapy a single dose 


30 

Streplo 

12 

5 

1 

10 » 

3 

0 

0 

0 

0 

0 

0 

0 

0 


65 

thnem 

25 

0 

1 

jcr» 

25 

23 

18 

16 

15 

15 

15 

14 

21 

5 

65 


50 

0 


to-» 

49 

44 

43 

41 

37 

37 

34 

34 

62 

4 

65 


100 

0 


10“ 

65 

62 

62 

GO 

59 

59 

M 

59 

90 

8 

35 


200 

0 


10 » 

35 

35 

35 

35 

35 

35 

35 

35 

100 

0 


Therapy single daily doses over a 5 day period 


20 

Strepto 

12 5 

1 

10-* 

2 

1 

0 

0 

0 

0 

0 

0 

0 

20 

tbricin 

25 0 


10“» 

9 

5 

4 

3 

1 

1 

1 

1 

5 

20 


50 0 


io-» 

18 

13 

12 

12 

12 

11 

U 

11 

55 


Therapy every 6 hours over a 5 day period 


20 

Strepto 

12 5 

4 

io-‘ 

20 

4 

3 

3 

3 

3 

3 

3 

15 

20 

thricia 

25 0 


10“ 

20 

6 

3 

3 

1 

1 

1 

1 

5 

20 


60 0 

4 


20 

20 

20 

20 

20 

20 

20 

19 

95 

20 


100 0 


10-* 

20 

20 

20 

20 

20 

20 

20 

20 

100 


Therapy none 



Of the gram-positive bacterial infections studied, single doses of streptothncin 
afforded protection to mice infected rvith Strep kemolyticus 1G85 when adimnis- 
tored subcutaneously in doses of ICOO units per 20 gram mouse On the other 
hand, the drug was not icry active against strains of Diplo pneumoniae, or 
Staph aureus, regardlej>s of the dose administered Iloucvcr, the amount of 
streptothnem administered to the foregoing mice approached the toxic level, 
and a number of deaths were due to the drug rather than the infection 
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^ Oral Administration. Streptothricin was considerably less effective when 
pven by mouth than when administered parenterally. However, if sufficiently 
large doses were fed, mice were protected against a heavy infection produced by 
S. schoUmaileri. Doses of 1500 units/20 gm. mouse given as a single dose shortly 
after the intraperitoneal injection of the bacteria, were sufficient to protect 50% 
of the mice (table 7). Doses smaller than this offered some protection, but a 
large percentage of the mice eventually died. Sufficient quantities of the mate- 
rial were not available to study other infections under these conditions, but all 
other in vitro and in vivo findings suggest that the drug will also be effective 
against other gram-negative bacteria when given by mouth. It will be recalled 


TABLE 7 


Efficacy of slreptothricin in mice infected with S. eehoHmulleri {Oral administration) 


Organism 

Age of Culture 

Infection 

Therapy 


Salmonella schottmulleri 
6 hours 

0. See. of a 10“^ culture dilution in 4% mucin 
Streptothricin given orally immediately after bacterial in- 
oculation. 



Duva 

WITS/ 

DOSE 

NO.O? 

DOSES/ 

OAV 

CULTURE 

OtLCTIOH 

NO. SURVIVING IN DAYS 

% SUR- 
VIVAL 


HI 

III 

m 

HB 

HB 

IB 

IB 

Therapy: a single dose 

20 

Strepto- 

93.75 

1 

io-» 

1 

I 

m 

m 

0 

0 

0 

0 


20 

thricin 

187.5 

1 

10-» 

6 

1 

1 

1 

1 

1 

1 

1 


50 


375.0 

1 

I0-‘ 

20 

13 

12 

11 

9 

9 

9 

9 


50 


750.0 

1 

10-‘ 

30 

27 

23 

22 

22 

22 

19 

19 


50 


1500.0 

1 

10-‘ 

34 

27 

27 

27 

26 

25 

25 

25 


50 


3000.0 

1 

10-» 

48 

48 

46 

44 

42 

38 

38 

38 

76 

Therapy: none 

40 

Controls 



10-5 

1 

1 

0 

0 

0 

0 

0 

0 

0 

15 




10-« 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 




10-1 

5 

2 

1 

1 

1 

1 

1 

0 

0 

15 




10-* 

7 

6 

5 

4 

4 

4 

4 

4 

26 


that streptothricin is considerably less toxic when given by mouth than by 
parenteral administration, and therefore the chemotherapeutic index is not 
necessarily less than that obtained following parenteral therapy. 

Influence of (he size of the bacterial inoailum and the time interval between tnfec- 
lion and treatment on streptothricin activity. Doses of 100 to 200 units of strept(> 
thricin afforded excellent protection to mice even when administered to animals 
infected with 100,000 to 1,000,000 lethal doses of S. schottmulleri. The results 
suggest, as did the in vitro findings, that the activity of streptothncin is not mark- 
edly influenced by the presence of large numbers of bacteria. ^ 

mke were infected with 1000 lethal doses of the above test orgamsm, and rapy 
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delayed for 1, 4, 8 and 10 hours, streptothncm protected all the anim'iLs from 
death, provided bufficiently large doses of tlie drug u ere gi\ en 

Results of virus and protozoan studifs Streptothncm showed little or 
no activity against the \uru3 of epidemic influenza, ev en when quantities of the 
drug approaching the toxic dose range were used Likewise, the drug was 
unable to protect anj of the mice infected with Trypanosoma cqinperdum, al 
though the progress of the infection was retarded slightly 

Mechanism of Action All the evidence available on the mode of action of the 
sulfonamides suggests that these drugs act directl> on the bactena, producing a 
bacteriostatic effect which allows the defen'^e mechanisms of the bod> to cope 
with the infection The data pre‘5entcd here suggest that m contrast to the 
sulfonamides, streptothncm in sufficiently large doses produces a bictencidal 
effect in mvo, as well as tn vitro, thus reducing considerablj the action required 
on the part of the host 

In order to determine the rate at which bactena were killed in the pentoneal 
cavity of mice following streptothncm therapy, a series of axpenments was per- 
formed m which mice were infected by intrapentoncal injection and treated 
subcutaneously or intrapentoneally with therapeutic doses of streptothncm 
Tho mice were saenficed at hourly intervals and the number of viable bactena 
present in the peritoneal cavity determined by flushing out the cavity with 
0 5 cc of saline and plating this fluid m nutnent agar The plates were meu- 
bated at 37®C and counts made of the number of colonies 

Similar oxpenments were performed with infected mice that were not treated 
with streptothncm Finally, it was realized that small amounts of strepto- 
thnem present m tho peritoneal washings would continue to exert a bactericidal 
effect after the fluid was added to the nutnent agar In order to eliminate this 
artifact, the amount of streptothncm present in the peritoneal fluid was deter- 
mined by a modification of the agar cup method described bj Foster and Wood- 
ruff (27) 

Under the conditions of these expenmente, streptothncm was found to ster- 
ilize the pentoneal cavity within 4-<) hours after the bactenal inoculation 
Simultaneously with the killmg effect, there was an increased incidence of phago- 
cytosis, as determined by examination of the blamed pentoneal fluid From the 
in vitro results presented m table 3, one may see that streptotlmcin kills a culture 
of S schotlmullen within the same time interval, further illustrating the simi- 
lanty between the in intro and tn mo action 

The question as to whether btreptothnem has any influence on antibody 
formation was determined in mice by examining the serum of infected mice 
treated with varying doses of streptothncm The results show that if the dose 
of streptothncm is sufficiently small, so that tho mice show signs of the infection, 
the serum of such animals contains agglutinins for the infecting bactena How- 
ever, with larger doses of the dnig, none of the animals became sick, and no 
agglutinins were found m the serum Animals which developed agglutinins in 
this manner showed considerable resistance to ro-infcction, in that all such mice 
survived an infecting do«o of bactena which killed all tho normal controls It 
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is possible that a practical method of animal immunization can be established 
by this procedure. 

As far as could be determined, streptothricin had no influence on the toxins 
of Cl. welchii or Cl. ietani, suggesting that the factor of toxin inactivation plays 
no role in the action of streptothricin. 

Discussion. The properties of crude streptothricin as described in this re- 
port suggest that this agent offers many possibilities as a chemotherapeutic agent 
■ useful in the treatment of bacterial irifections produced by gram-negative patho- 
gens. Organisms of the Colon-typhoid and Salmonella groups appear to be 
particularly sensitive to the action of streptothricin, while others such as B. 
pyocyaneus and B. proteus show considerable resistance. 

Even the more resistant gram-negative organisms, as well as a number of 
gram-positive organisms are inhibited in vitro by streptothricin. In view of the 
close correlation between the in vitro and in vivo results, one might expect strepto- 
thricin to be effective in vivo against these resistant forms, providing sufficient 
amounts of fee drug can be administered. In the last analysis, therefore, the 
ultimate value of streptothricin will depend largely on the toxicity of the purified 
product. The results available to date, even with the crude product, indicate 
that' a satisfactory ratio of 8 to 10-fold exists between the curative and acute 
toxic dose of streptothricin in infections produced by gram-negative Colon- 
typhoid or Salmonella groups. 

The marked influence of streptothricin in vitro against a large variety of gram- 
positive and grhm-negative bacteria, coupled rvith the fact that the drug is not 
inhibited by the presence of body fluids such as blood and serum, suggests that 
this agent will be of definite value even in its present crude form, in the treatment 
of infected burns and wounds or in preventing such infections. 

The reduction in activity and to.xicity of streptothricin when given by mouth 
suggests that the drug is either destroyed in the gastro-intestinal tract, or that 
it is not fully absorbed. Studies concerned ivith the nature of this phenomenon 
are now in progress. Preliminary studies indicate, however, that effective blood 
concentrations of the drug are obtained following oral administration, and that 
the drug also appears in the urine. The marked stability shoivn by strepto- 
thricin in the presence of strong acids suggests that, unlike penicillin, the gastric 
acidity probably has no influence on the reduced effect of streptothricin following 


oral administration. , . . n 

As previously indicated, however, streptothricin per orally has a marked influ- 
ence on the lactose-fermenting bacteria of the intestinal tract, and therefore 
may be of definite value in the treatment of bacillaiy dysentery and typhoid 
fever. In addition, food poisoning produced by organisms of the Salmonella 
croup might be expected to respond readily to streptothricin therapy. 

^ The value of streptothricin as a chemotherapeutic agent m the foregoing 
infections will depend largely upon the nature of the toxic effects produced by 
single and repeated doses of the drug. Much needs to be done m this direction. 
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SUMMARY 

1. In mtro and in viio studies show that crude streptothricin possesses marked 
activity against a variety of gram-negative bacterial species Gram-positive 
forms are also sensitive to the action of streptothricin, but not to the same degree 
as the grara-negativo form 

2. The activity of streptothricin is not influenced by blood, serum, peptone, 
or vitamins of the B complex 

3. Streptothricin is more active when given parcnterally than when adminis- 
tered by mouth. 

4. The drug is not active against the vims of epidemic influenza or Trypano- 
soma egmperdum 

5 The ultimate chemotherapeutic index of sticptothncin will depend upon 
the toricity of the pure product 

6 The results suggest that streptothricin may be useful in the local treatment 
of infected wounds and bums, as well as bacillary dysenter>', typhoid fever and 
food poisoning produced by the Salmonella organisms 
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Hypnotic properties of oxazoIidine-2,4-dione derivatives were first descnbed 
by Erlenmeyer (1). Recently Luton, Blalock, Baxter and Stoughton (2) studied 
a series of 5,5-dmlkyoxazolidine-2,4-diones and concluded that the di-n-propyl 
derivatives (Propazone) was the most promising as a hypnotic and also reported 
its use in a small group of epileptics. We have investigated N-methylated 5- 
alkyl and S,5-dialkyloxazolidine-2,4-diones synthetized by Dr. M. A. Spielman 
(3) of the Abbott Laboratories. In this series the hypnotic action is greatly 
reduced when the alkyl radicals are small, and a definite analgesic effect becomes 
apparent (4). The present report concerns the marked anticonvulsive properties 
of 3,5,5-trimethyIoxazolidine-2,4-dione (Tridione) which was also found to be 
the most potent analgesic in this group of compounds. 

Methods and materials. Most of the convulsant drug studies wore made on mice. 
In a few experiments, guinea pigs, cats and rabbits were used. The electrically induced 
seizures were studied in rats using a special helmet electrode which was fixed rigidly to the 
shaved head. The second electrode was heldfirmly to the roof of the mouth by a jaw clamp. 
Changes in convulsive threshold were measured in terms of voltage, using a calibrated 
Harvard inductorium. 


Antagonism of melrazol, strychnine, picroloxin, thujone, cocaine and procaine by 
tridione. The experiments on the antagonism of convulsant drugs by tridione 
in mice are summarized in table 1 . 

Melrazol. Convulsions were produced in all mice when 100 mg./kg. were 
given subcutaneously. The seizures were extreme and 7 out of 10 animals died 
within 30 minutes after the injection. A dose of 125 mg./kg. of metrazol sub- 
cutaneously resulted in violent seizures tvith all animals dying within 5 minutes 
after injection. A group of mice were given 500 mg./kg. tridione intraperitone- 
ally, a dose which has little or no effect on normal activity and is approximately 
^ of the l.d. 50 . Five to ten minutes later, 100 mg./kg. metrazol were injected 
subcutaneously. No convulsions occurred, and all mice lived. As seen in the 
table, .similar results were obtained with the higher dosage of metrazol. 

Picrotoxin. The convulsions resulting from the injection of 15 mg./kg. picro- • 
toxin subcutaneously were also antagonized by 500 mg./kg. tridione. However, 
the antagonism is not as complete as shown towards metrazol, since increased 


xcitability was still evident. . 

Thujone. The subcutaneous injection of 200 mg./kg. thujone m olive oil 
esulted in violent prolonged convulsions, T,vith all animals dying mthin an hour, 
rhe intraperitoneal injection of 500 mg./kg. of tridione afforded complete pro- 


tection. 
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Procaine and cocaine The results obtained with these drugs were less con- 
clusive because of their marked depressive action on the respiratory center m 
doses necessary to mduce convulsions in mice Howe\ er, it was observed that 
500 mg /kg tndione would, m some cases, decrease seizures but did not prevent 
death resultmg from respiratory depression 
Strychnine The convulsions produced by the subcutaneous injection of 1 5 
mg /kg of strychmne i\erc completely antagonized by tndione However, a 
dose of 3 mg /kg could not be so antagomzed by this dose of tndione 
Similar results were obtamed m experiments with other species m regard to 
these antagonisms A dose of 500 mg /kg tndione given orally or subcutane- 
ously to two groups of three rabbits each caused some depression and a shght 
ataxia Ten to thirty minutes later 15 mg /kg metrazol were injected mtra 
venously without convulsive effect (This dose was found to produce violent 


TABLE 1 

Anlagomsm of convulsant drugs by tndtone tn mice 


jccncers op iqce 

nmioKE ttmA 
rcutOKtALLr 

1 COKVUMaMT 

TttSIDMX 

ccTBCnTAjnoosir 

coxvtrucs 

1 Kmazx PATAL 

10 

mt/it 

0 

1 

Metraiol 

mt/li 

100 

; 

7 

10 

0 

Metrazo) 

125 

10 

10 

15 

500 

Metrazol 

100 

0 

0 

12 

600 

Metrazol 

125 

0 

' 0 

5 

250 

Metrazol 

100 

0 

0 

5 

250 

Metrazol 

125 

2 

2 

10 

0 

PicrotoxiQ 

15 

10 

10 

10 

600 

PicrotoxiQ 

15 

1 

0 

7 

0 

Stiycbmoe 

1 6 

5 

6 

8 1 

500 1 

Strychoioe 

1 5 

0 

0 

6 I 

500 1 

Strychnin© 

3 0 

' 5 

5 

5 1 

0 1 

Thuion© 

200 

5 

5 

5 

600 

Thujone 

200 

0 

1 ^ 


convulsions m normal controls ) A dose of 250 mg /kg of tndione given subcu- 
taneously was also protective Tn three rabbits given 500 rag /Lg orally, similar 
protection against metrazol as obtamed 
In regard to procaine antagonism, it ^\as found in three guinea pigs that the 
mjection of 500 mg /kg tndione intrapcntoncally i\as protects o against 250 
™ff/l»g procaine intramuscularly, a surely convulsant and fatal dose in untreated 
animals These animals were markedl> depressed for about one hour, then re- 
covered rapidly 

It was found that tlie injection of a cat ivith 100 mg /kg metrazol mtrapen 
toneally produced violent convulsions \nthji five minutes In another cat 
given 500 mg /kg tndione mtrapentoncally,follo\\edmfi\e minutes 120 rag/ 
kg of metrazol intrapcntoncally, some excitement was endentbutno comnilsions 
occurred Later the animal is as quiet and shoivcd little or no ataxia 
Of mterest were the observations on the rapidity of action of tndione Fifteen 
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mce were injected with 100 mg./kg. metrazol subcutaneously and allowed to 
develop convulsions. A dose of 500 mg./kg. tridione was then given intraperi- 
toneally or orally. The seizures were completely suppressed within two minutes, 
and all mice showed normal behavior. The same results were obtained against 
picrotoxin convulsions, although not all mice obtained complete alleviation of 
convulsions. 

Data on the duration of action of tridione are summarized in table 2. The 
mice ivere injected with tridione and then, after definite periods of time, given 
convulsive doses of metrazol. The anticonvulsive action was apparent within 
five minutes. In thirty minutes the protective action was somewhat decreased, 

TABLE 2 


Duration of action of tridione 


KtrUBER or UICE 

1 2705AOC or 

IHXDIOKE, IKTSA- 
PEWIOKEALLY 

TIlfE BETWEEN 
INJECTIONS 

DOSA.CB or XfETEA- 
20L, SUBCtJTA- 
NEOOSLY 

NITUBES 

CONVULSED 

mrUBEE PATAL 



minules 

UK? 



6 


5 


0 

0 

5 


30 


3 

0 

5 


30 

100 

0 

0 

5 


60 

100 

0 

0 

6 


120 

125 

3 

2 

4 

■an 

120 

100 

1 

0 


TABLE 3 

Dilantin and phenobarbital as anticonvulsants 


KUMBEK 

OP UICE 

ANTICONVUISANT 

DOSAGE, 

INTBAPEEl- 

TONEALLY 

CONVULSANT 

DOSAGE, 

SUBCUTA- 

NEOUSLY 

NUUBEK 

CONVULSED 

NUUBEK 

PATAL 

s 

Phenobarbital 

ms./it. 

50 

Metrazol 

100 

0 

' 0 

6 

Phenobarbital 

50 

Strychnine 

1.5 

0 

0 

6 

Phenobarbital 

50 

Strychnine 

3.0 

0 

0 

6 

Dilantin 

25 

Metrazol 

100 

5 

5 

5 i 

Dilantin 

50 

Metrazol 

100 

5 

4 

5 ! 

Dilantin 

100 



5 



as shown by the appearance of convulsions with 125 mg./kg. metrazol. Protec- 
tion against 100 mg./kg. was still present, however. At the end of two hours, 
the anticonvulsive action had definitely decreased. ^ , 

Antagonism studies with dilaniin and phenobarbital. In conjunction mth the 
tests made on tridione, a series of experiments was conducted to compare it mth 
phenobarbital and dilantin, the tw^o most widely used antmpfieptics. The 
experiments were conducted in the same manner as those described for tridione. 
-Se data are summarized in table 3. Phenobarbital is quite effective agai^ 
mptrazol and strvchnine convulsions. It is of mterest to note that phenobarbital 
is effective against 3 mg./kg. strychnine, whUe tridione is not. This may indi- 
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cate that the barbiturate has a more generaUzed depressant action on the central 
nervous system, mcludmg the spmal reflexes The effective dose of 60 mg /kg 
intrapentoneally causes a shght ataxia and reduces general activity 
In contrast are the results obtamed with dilantin, which showed no anti 
convulsant action against metrazol Dilantin alone, m doses of 100 mg /kg 
given mtrapentoneally, caused marked excitement and convulsions With 25 
or 50 mg /kg doses of dilantm, no S3Tnptoin3 appeared The mjection of 100 
mg /kg metrazol subcutaneously mto mice previously given dilantm resulted in 
convulsions of the same violence as m those receiving metrazol alone Similar 
results have been reported by Goodman and Lih (5) They found, however, 
that after admmistration of dilantm over a period of 4 to 7 da}^, protection 
against metrazol convulsions was present 


TABLE 4 

Convulsive threshold tn rats 


BAT NUUBZt 

COHTBOl 

TSUSBOLD 

Dice 

DOSE 1 

ntTBAn*! 1 
lOMEAlLT 

'mix SB dm 

VOLTACS 

TBUSaOU) 

OrCBEASZ 

Timo Alter Injection 

5 mifiutts 

30 mtBDles 


vetlt 


mt/kt 

fells 

fells 


1 

1 000 

Tndione 

250 

1,000 

1,932 

933 

2 

1 000 

Tridtone 

250 

1,100 

1 330 

330 

3 

800 

Tndione 

500 


1,223 

414 

4 

368 

Tridtone 

500 


809 

441 

6 

675 

Tndione 

500 


1,223 

518 

6 

675 

Tndione 

500 

809 

1,223 

' MS 

7 

800 

Tndione 

500 


1,600 

591 

8 

1 000 

Tndione 

1 000 


• 


g 

809 

Phenobarbital 

60 


1 223 

414 

10 

1 000 

Phcnobarbital 

50 


1,500 

1 500 

11 

809 

Dilantm 

135 


1,932 

1 1,123 

12 

983 

Dilantm 

25 


1 223 

240 


* Convulsive threshold was not attained, animal died with application of 23S0 \oUs 
without a seizure appearing 


Studies of electrical convulsiie threshold in rats In this senes of experiments 
an attempt was made to study the effect of tndione, dilantm and phcnobarbital 
on the elcctncal threshold at which convulsions would appear The normal con 
vulsu e threshold was first determmed by making gradual increases in the voltage 
before each stimulation penod until convulsions appeared which would persist 
5 to 15 seconds after cessation of electneal current The change m threshold 
w as measured m terms of the increased v oltagc necessary to mduce a seizure after 
admmistonng the drug The period of stimulation was ten seconds, with five 
to ten minute intervals between elcctncal stimulation In thc*c studies only 
full tonic clonic convul<5ion8 were considered in detcrminmg thresholds The 
results are summanzed m table 4 As shown, all three drugs increased the con 
V ulsiv e threshold markedlj The method was not suflicicntlj refined to deter 
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which of the drugs was definitely most effective. It was noted that a 
dose of dilantm sufficient to raise the threshold markedly caused no depres- 
sion of the animal’s general activity, while tridione and phenobarbital caused 
some depression and ataxia. Phenobarbital gave the most pronounced sedation. 

Tests with periods of stimulation of one second or less revealed some 
greatly reduced convulsive jerking movements at the control thresholds after 
dilantin and tridione. Thus it is open to argument whether the results of 
these experiments indicate a true raising of the convulsive threshold or 
rather give an index of the marked reduction of intensity and duration of 
seizures produced by these drugs. 

Discussion. The study of the antagonism of central nervous system excit- 
ants with drugs offers some possibility in analyzing their mode of action. This 
method, however, has its limitations when an attempt is made to interpret the 
data in terms of possible clinical use in epilepsy. Thus, we found dilantin in 
single doses has little or no antagonistic action against metrazol in mice, and, 
similarly, Khoefel and Lehmann (6) found no protection against strychnine and 
cocaine convulsions in cats. However, dilantin is effective in raising the elec- 
trical convulsive threshold, as shown by Merritt and Putnam (7) and Khoefel 
and Lehmann (6) in the cat, Tainter, et al. (8) in the rabbit, and by us in the rat. 

The convulsions resulting from drugs are not generally considered to be 
characteristic of the seizures occurring in clinical cases (9). However, they have 
( as a common feature the presence of a hyper-excitable state of some portion of 
the central nervous system. Thus, the mode of depression of this excitability 
by antagonistic drugs may be similar in both instances, although the site of action 
possibly differs. 


A possible relation of epilepsy to the convulsions resulting from analeptics is 
indicated by a series of clmical tests conducted by Roismiser (10), who found 
that 1 to 3 cc. of a 10 per cent solution of metrazol given intravenously produced 
seizures in 35 out of 38 epileptic patients but not in normal individuals. This 
finding is analogous to the work of Dandy and Elman (11), who found that cats 
mth healed cerebral injuries were three to seven times more sensitive to convul- 
sions produced by thujone than were normal animals. 

From a consideration of studies using electrical and chemical methods, it seems 


probable that dilantin affects primarily the cortex, and has less action on the 
lower brain centers which are considered to be involved in the convulsions arising 
from the analeptic drugs (12) (13). On the other hand, phenobarbital and tri- 
dione show a more generalized anticonvulsant action in that they antagonize 
chemically induced convulsions and are also capable' of raising the electrical con- 
vulsive threshold. Since many studies of clinical convulsive states indicate that 
they may have subcortical origin, it seems at least a possibility that drugs haying 
a more generalized action may be useful in such cases'. It is worth noting that 
tridione possesses the unusual property of being an analgesic as well as an an i- 
convulsant but is not a true hypnotic drug, mile mild sedation has been seen 

.Preliminary clinical reports indicate that Tridione has antieonvulsive action in epi- 


ieptic patients. 
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in humans, its lack of hypnotic power is indicated by a clinical case where more 
than 30 grains were taken over a period of twelve hours without producing sleep. 
A further analysis of the mode and site of action of tridione will be reported by 
Goodman et al. (14). 


SUMMARY 

1. The marked antagonistic action of 3,5,5-triraethyIoxazolidine-2,4-dione 
(Tridione) against convulsions produced by drugs and electrical shock has been 
demonstrated in experimental animals. 

2. Comparative experiments vdth phenobarbital and dilantin revealed that 
tridione is more comparable to phenobarbital in its action but produces less de- 
pression in effective doses. 
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